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1 Scope

The present document describes a second genebaetine transmission system for digital terrelstel@vision
broadcasting. It specifies the channel coding/mrattéhr system intended for digital television seegi@nd generic data
streams.

The scope is as follows:
. it gives a general description of the Baseline @ysfor digital terrestrial TV;

. it specifies the digitally modulated signal in arde allow compatibility between pieces of equipitnen
developed by different manufacturers. This is agkdeby describing in detail the signal processindpa
modulator side, while the processing at the recaide is left open to different implementationugimns.
However, it is necessary in this text to refereédan aspects of reception.

2 References

References are either specific (identified by ddifgublication and/or edition number or version tu@m or
non-specific.

. For a specific reference, subsequent revisionsotiapply.

. Non-specific referencenay be made only to a complete document or a parésf and only in the following
cases:

- if it is accepted that it will be possible to udiefisture changes of the referenced document fer th
purposes of the referring document;

- for informative references.

Referenced documents which are not found to bdagbubivailable in the expected location might berfd at
http://docbox.etsi.org/Reference

For online referenced documents, information sigfficto identify and locate the source shall besigled. Preferably,
the primary source of the referenced document shimeilcited, in order to ensure traceability. Furtiee, the
reference should, as far as possible, remain f@lithe expected life of the document. The refeeesiwall include the
method of access to the referenced document arfditimetwork address, with the same punctuatiath @se of upper
case and lower case letters.

NOTE: While any hyperlinks included in this claugere valid at the time of publication ETSI cannoa@ntee
their long term validity.

2.1 Normative references

The following referenced documents are indisperestdnlthe application of the present document.dzted
references, only the edition cited applies. For-specific references, the latest edition of thenaiced document
(including any amendments) applies.

Not applicable.

2.2 Informative references
[1] ISO/IEC 13818-1: "Information technology -- Gait coding of moving pictures and associated
audio information: Systems".
[2] ETSI TS 102 606: "Digital Video Broadcasting\(B); Generic Stream Encapsulation (GSE)
Protocol"
[3] ETSI EN 302 307: "Digital Video Broadcasting\{B); Second generation framing structure,

channel coding and modulation systems for Broadwgdnteractive Services, News Gathering
and other broadband satellite applications"
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[4] ETSI EN 300 468: "Digital Video Broadcasting\(B); Specification for Service Information (SI)
in DVB systems"

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purporses of the present document, thewsly terms and definitions apply:
OFDM cdl: The modulation value for one OFDM carrier durimg ®@FDM symbol, e.g. a single constellation point
active cell:An OFDM cell carrying a constellation point for kignalling or a PLP

data cell: An OFDM cell which is not a pilot or tone resation cell (may be an unmodulated cell in the Frame
Closing Symbol)

Dummy cell: An OFDM cell carrying a pseudo-random value usefill the remaining capacity not used for L1
signalling, PLPs or Auxiliary Streams

Auxiliary Stream: A sequence of cells carrying data of as yet unddfmodulation and coding, which may be used
for future extensions or as required by broadcastenetwork operators.

OFDM symbal: waveform Ts in duration comprising all the actoagriers modulated with their corresponding
modulation values and including the guard interval.

Data symbal: An OFDM symbol in a T2-frame which is not a P1IR& symbol.
Normal symbal: An OFDM symbol in a T2-frame which is not a P2,d Frame Closing symbol.

Frame Closing symbol: An OFDM symbol with higher pilot density usedtla¢ end of a T2-frame in certain
combinations of FFT size, guard interval and soatkgilot pattern.

sub-dice: Group of cells from a single PLP, which beforeyfrency interleaving, are transmitted on active OF&illis
with consecutive addresses over a single RF channel

T2 system: The input for T2 system is one or more TS or GS$&asts. The output is the RF signal in one frequency
(FF mode) or in multiple frequency (TFS mode).

. T2 system means an entity where one or more PléPsaaried, in a particular way, within a DVB-T2 1sig)
on one or more frequencies.

. T2 system is unique within the T2 network and itdientified with T2_system_id. Two T2 systems wiitle
same T2_system_id and network_id have identicasipbllayer structure and configuration, excepttifier
cell_id which may differ.

. The T2 system is transparent to the data thatiitesa(including transport streams and services )
T2_SYSTEM_ID: This 16-hbit field identifies uniquely the T2 systevithin the T2 network.
Physical Layer Pipe: physical layer TDM channel that is carried by thecified sub-slices.
NOTE: A PLP may carry one or multiple services.
Type 1 PLP: PLP having one slice per T2 frame, transmittedrtaefny Type 2 PLPs.
Type 2 PLP: PLP having two or more sub-slices per T2 framandmitted after any Type 1 PLPs,

Common PLP: PLP having one slice per T2 frame, transmitted gftstr the L1 signalling, which may contain data
shared by multiple PLPs.

Data PLP: A PLP of Type 1 or Type 2
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PLP_ID: This 8-bit field identifies uniquely a PLP withihe T2 system, identified with the T2_system_id. $ame
PLP_ID may occur in one or more frames of the Sumere.

T2 frame: Fixed physical layer TDM frame that is further digd into variable size sub-slices. T2 frame staitis one
P1 and one or multiple P2 symbols.

Slice: The set of all cells of a PLP which are mapped pardicular T2-frame. May be divided into sub-stice

P1 symbal: Fixed pilot symbol that carries S1 and S2 signglfields and is located in the beginning of therfea
within each RF-channel. It is mainly used for fagial signal scan to detect T2 subsignal, fregueoffset, and FFT-
size. Uses 2k mode with 1/4 guard interval.

P2 symbal: Pilot symbol located right after P1 with the sankd f5ize and guard interval as the data symbols. The
number of P2 symbols depends on the FFT-size. fdsdihe frequency and timing synchronization adl\ae for
initial channel estimate. Carries L1 and L2 signaglinformation and may also carry data.

FEF part: The part of the super-frame between two T2-frameishwcontains FEFs. A FEF part shall always statth w
a P1 symbol. The remaining contents of the FEFgbaall be ignored by a DVB-T2 receiver.

Timeinterleaving block (TI-block): A set of cells within which time interleaving iardied out, corresponding to one
use of the time interleaver memory

Interleaving frame: The unit over which dynamic capacity allocationdaparticular PLP is carried out, made up of a
integer, dynamically varying number of FEC blochks &aving a fixed relationship to the T2-framese Titerleaving
frame may be mapped directly to one T2-frame or beyapped to multiple T2-frames. It may contaia onmore
Tl-blocks.

T2 Super-frame: A set of T2 frames consisting of a particular nundfeconsecutive2 frames. A superframe may in
addition include FEF parts.

P1 sgnalling: Signalling carried by the P1 symbol and used tatifiethe basic mode of the DVB-T2 smbol

L1 pre-signalling: Signalling carried in the P2 symbols having &di>ize, coding and modulation, including basic
information about the T2 sysem as well as inforomatieeded to decode the L1 post-signalling. Lismealling
remains the same for the duration of a super-frame.

L 1-post-signalling: Signalling carried in the P2 symbol carrying mdetailed L1 information about the T2 system and
the PLPs.

Dynamic L 1-signalling: L1 signalling consisting of parameters which rohgnge from one T2-frame to the next

Configurable L 1-signalling: L1 signalling consisting of parameters which ranthe same for the duration of one
super-frame.

FFT size The nominal FFT size used for a particular medgial to the active symbol peridgdexpressed in cycles of
the elementary periotl.

Elementary Period: Time period which depends on the system bandvédthis used to define the other time periods
in the T2 system.

MISO group: The group (1 or 2) to which a particular transenith a MISO network belongs, determining the tgpe
processing which is performed to the data cellsthagilots. Signals from transmitters in differgnoups will
combine in an optimal manner at the receiver.

BBFRAME: The set oKy, bits which form the input to one FEC encoding pssc(BCH and LDPC endcoding)
FECFRAME: The set 0Ny (16200 or 64800) bits from one LDPC encoding djpena

FEC Block: A set 0fNqis OFDM cells carrying all the bits of one LDPC FEGRRE

LXJ: round towards minus infinity: the most positimeiger less than or equal to x

|_X-|: round towards plus infinity: the most negativeeger greater than or equal to x
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xdivy= \‘EJ
y

div: the integer division operator, defined as:

mod: The modulo operator, defined as:
X
xmody = X — y{—J
y

Re(x): Real part of x

Im(x): Imaginary part of x

x*: Complex conjugate of

0: Exclusive OR / modulo-2 addition operation

reserved for future use: the meaning of any field indicated as ‘reservedidture use’ is not defined by the present
document and shall be ignored. Where the valuedf a field, or part of the field, is not otherwiefined, it shall be
setto 0"

Fields, or parts of fields, whose value is not ey defined by the present document shall bemesd for future use.

for i=0..xxx-1: when used with the signalling loops, this meaias tie corresponding signalling loop is repeated as
many times as there are elements of the loopeitthare no elements, the whole loop is omitted.

nnp: the digits 'nn’ should be interpreted as a decimeiber

Oxkk: the digits 'kk' should be interpreted as a hexass®number

3.2 Symbols

For the purposes of the present document, theafisipsymbols apply:

A Guard interval duration

A LDPC codeword bits

Mvop, mop() number of transmitted bits per constellation sghffor PLPi)

1mr Vector containing ones at positions correspondingserved carriers and

zeros elsewhere.
Frequency-Interleaved cell value, cell ingeaf symboll of T2-framem

ml,p
Acp Amplitude of the continual pilot cells
Apy Amplitude of the P2 pilot cells
Asp Amplitude of the scattered pilot cells
Pas; Bit j of the BB scrambling sequence
Pe do Output bit of indexdo from substreare from the bit-to-sub-stream
demultiplexer
c(x) BCH codeword polynomial
C/N Carrier-to-noise power ratio
C/N+I Carrier-to-(Noise+Interference) ratio
Cyata Number of active cells in one normal symbol
Crc Number of active cells in one frame closing symbol
Crik Cell value for carriek of symboll of T2-framem
Cro Number of active cells in one P2 symbol
CSSsy; Bit i of the S1 modulation sequence
CSSyi Bit i of the S2 modulation sequence
Ciot Number of active cells in one T2 frame
DFL Data Field Length
D; Number of cells mapped to each T2 frame of thelkdaeing frame for PLFP
Diaux Number of cells carrying auxiliary stream i in th frame
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Le
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m
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Mcommon

m
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Mmax
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MSS_SCR
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Number of cells mapped to each T2 frame for commRoR

Number of cells mapped to each T2 frame for PbPtypej

Number of OFDM cells in each T2 frame carrying ignalling

Number of OFDM cells in each T2 frame carrying ldspsignalling
Number of OFDM cells in each T2 frame carrying lrg-gignalling

Time Interleaver input / Cell interleaver outpat €ellg of FEC blockr of TI-

blocks of Interleaving Frama
Number of OFDM cells in each T2 frame availabledaay PLPs
Cell interleaver output for cetj of FEC blockr

Difference in carrier index between adjacent scatt-pilot-bearing carriers
Difference in symbol number between successivitesed pilots on a given
carrier

Cell value for cell indexy of symboll of T2-framem following MISO
processing

Centre frequency of the RF signal

Celli of coded and modulated L1 post-signalling for T@fem
Celli of coded and modulated L1 pre-signalling for T@afiem
Constellation point normalised to mean energy of 1
Frequency shift for parts 'B' and 'C' of the Phalg

BCH generator polynomial

polynomials to obtain BCH code generator potyied

OFDM cell value after constellation rotation andleyQ delay
Frequency interleaver permutation function, elenpent

Frequency interleaver permutation function, elenpeiidr even symbols
Frequency interleaver permutation function, elenpefdr odd symbols
Frame interval: difference in frame index betweetcessive T2-frames to
which a particular PLP is mapped (for PL)P

BCH codeword bits which form the LDPC informaticitsb

J-1

Carrier index relative to the centre frequency

OFDM carrier index

number of bits of BCH uncoded Block

Number of carriers added on each side of the spmdir extended carrier
mode.

Length of L1_PADDING field

number of bits of LDPC uncoded Block

Carrier index of last (highest frequency) activeiea

Carrier index of first (lowest frequency) activerreer

Modulo value used to calculate continual pilotalibens

Carrier indeX for active carrier of the P1 symbol.

Length of L1 post-signalling field including thedwing field

Number of information bits in L1 post-signallingoxding the padding field.
Information length of the L1 pre-signalling

Number of signalling bits per FEC block for L1 poe-post-signalling
Number of OFDM carriers

Index of OFDM symbol within the T2-frame

Number of data symbols per T2 frame including amyrie closing symbol but
excluding P1 and P2

Number of OFDM symbols per T2 frame excluding P1

Number of data symbols, not including P1, P2 orfaaye closing symbol, in
a T2-frame

Cell interleaver permutation function for FEC d¢#ta of the TI-block
T2-frame number

Number of auxiliary streams in the T2 system

Number of common PLPs in the T2 system

BCH message bits

Number of PLPs of typgin the T2 system

Sequence length for the frequency interleaver

Bit i of the differentially modulated P1 sequence

Bit i of the scrambled P1 modulation sequence

Bit i of the overall P1 modulation sequence
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Maximum number of cells required in theTl memory
Interleaving frame index within the superframe
number of bits of BCH coded Block

Number of BCH parity bits

Number of FEC blocks in Interleaving Framéor PLPi)
Maximum value ofNg ocks_1£N)

Number of OFDM cells per FEC Block (for PLP
Number of data cells in an OFDM symbol (includimy ainmodulated data
cells in the frame closing symbol)

Number of dummy cells in the T2-frame

Number of FEC blocks in TI-blockof interleaving frame
Number of FEF parts in one super frame

FFT size

Number of bit-groups for BCH shortening

number of bits of LDPC coded Block

Number of modulated cells per FEC block for theplot-signalling

Total number of modulated cells for the L1 poshsiting

Number of P2 symbols per T2 frame

Number of BCH bit-groups in which all bits will lpadded for L1 signalling
Length of the frame-level PN sequence

Length of punctured and shortened LDPC codeword fgpost-signalling
Number of FEC blocks for the L1 post-signalling

Intermediate value used in L1 puncturing calcutatio

Number of LDPC parity bits to be punctured

Number of parity groups in which all parity bitegrunctured for L1
signalling

Intermediate value used in L1 puncturing calcutatio

Number of bits in Frequency Interleaver sequence

Number of RF channels used in a TFS system

Number of sub-slices per T2 frame on each RF channe

Number of subslices per T2 frame across all RF mblan

Number of substreams produced by the bit-to-stdast demultiplexer
Number of T2 frames in a super frame

Number of Tl blocks in an Interleaving Frame

Data cell index within the OFDM symbol prior todreency interleaving and
pilot insertion

Cyclic shift value for cell interleaver in FECdokr of the TI-block.
Time-domain complex baseband waveform for the Brdasi
Time-domain complex baseband waveform for parbfahe P1 signal
Number of T2 frames to which each Interleaving Frasrmapped (for PLP
LDPC parity bits

Frame level PN sequence value for symbol

Index of cell within coded and modulated LDPC codev

Code-rate dependent LDPC constant

FEC block index within the TI-block

Effective code rate of 16K LDPC with nominal raf@ 1

Effective code rate of L1 post-signalling

BCH remainder bits

Value of element of the frequency interleaver sequence followirtg bi

permutations
Value of element i of the frequency interleavensgge prior to bit

permutations

Pilot reference sequence value for carkigr symboll
Complex phasor representing constellation rotadingle
Index of TI-block within the Interleaving Frame
Element i of cell interleaver PRBS sequence

Elementary time period for the bandwidth in use
Column-twist value for column

Duration of one T2-frame

Frame duration

Duration of one FEF part

Time interleaving period
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Te1 Duration of the P1 symbol

Te1a Duration of part ‘A’ of the P1 signal

Teis Duration of part ‘B’ of the P1 signal

Teic Duration of part 'C' of the P1 signal

Tg Total OFDM symbol duration

Tse Duration of one super frame

Ty Active OFDM symbol duration

Ui Parity-interleaver output bits

UPL User Packet Length

Vi column-twist-interleaver output bits

Wi Bit i of the symbol-level reference PRBS

X; The set of bits in groupof BCH information bits for L1 shortening

Xm.lp Complex cell modulation value for cell indpxof OFDM symbol of T2-
framem

Yig Bit i of cell wordq from the bit-to-cell-word demultiplexer

z Constellation point prior to normalisation

T, Permutation operator defining parity bit group®eopunctured for L1
signalling

s Permutation operator defining bit-groups to be eaidir L1 signalling

The symbolsst,i,j,k are also used as dummy variables and indicesmitiei context of some clauses or equations.

In general, parameters which have a fixed valuefoarticular PLP for one processing block (e.gfragne,
Interleaving Frame, TI-block as appropriate) aneotled by an upper case letter. Simple lower-caterdeare used for
indices and dummy variables. The individual bitdlscor words processed by the various stageseafyktem are
denoted by lower case letters with one or moreaigis indicating the relevant indices.

3.3 Abbreviations

For the purposes of the present document, theafisipabbreviations apply:

16QAM 16-ary Quadrature Amplitude Modulation
64QAM 64-ary Quadrature Amplitude Modulation
256QAM 256-ary Quadrature Amplitude Modulation
ACM Adaptive Coding and Modulation

AWGN Additive White Gaussian Noise

BB BaseBand

BCH Bose-Chaudhuri-Hocquenghem multiple error atioa binary block code
BER Bit Error Ratio

BICM Bit Interleaved Coding and Modulation
CBR Constant Bit Rate

CCM Constant Coding and Modulation

Cl Cell Interleaver

CRC Cyclic Redundancy Check

D Decimal notation

DBPSK Differential Binary Phase Shift Keying
DEMUX DEMUltipleXer

DNP Deleted Null Packets

DFL Data Field Length

DVB Digital Video Broadcasting project

DVB-T DVB System for terrestrial broadcasting sfiedi in EN 300 421
DVB-T2 DVB-T2 System as specified in the preserdudoent.
EBU European Broadcasting Union

FEC Forward Error Correction

FEF Future Extension Frame

FFT Fast Fourier Transform

FIFO First In First Out

GCs Generic Continuous Stream

GF Galois Field

GFPS Generic Fixed-length Packetised Stream
GS Generic Stream

GSE Generic Encapsulated Stream
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HEM High Efficiency Mode

HEX Hexadecimal notation

IF Intermediate Frequency

IFFT Inverse Fast Fourier Transform

IS Interactive Services

ISCR Input Stream Time Reference

ISI Input Stream Identifier

ISSY Input Stream SYnchronizer

ISSYI Input Stream SYnchronizer Indicator
Khit 1024 bits

LDPC Low Density Parity Check (codes)
LSB Least Significant Bit

Mbit 2% bits

MIS Multiple Input Stream

MISO Multiple Input, Single Output (meaning mulgiransmitting antennas but one receiving antenna)
MPEG Moving Pictures Experts Group
MSB Most Significant Bit

NOTE: In DVB-T2 the MSB is always transmitted first

MSS Modulation Signalling Sequences
MUX MUItipleX

NA Not Applicable

NM Normal Mode

NPD Null-Packet Deletion

PAPR Peak to Average Power Ratio
PER (MPEG TS) Packet Error Rate

PID Packet IDentifier

PLP Physical Layer Pipe

PLL Phase-Locked Loop

PLS Physical Layer Signalling

PRBS Pseudo Random Binary Sequence
QEF Quasi-Error-Free

QPSK Quaternary Phase Shift Keying

RF Radio Frequency

SIS Single Input Stream

SISO Single Input Single Output (meaning one tratisry and one receiving antenna)
SoAC Sum of AutoCorrelation

TDM Time Division Multiplex

TF Time/Frequency

TFS Time-Frequency Slicing

TS Transport Stream

TSPS Transport Stream Partial Stream
TSPSC Transport Stream Partial Stream Common
TV TeleVision

UP User Packet

4 DVB-T2 System architecture

4.1 System overview

The generic T2 system model is represented in Eigjuithe system input(s) may be one or more MPHG&sport
Stream(s) [1] and/or one or more Generic Streaf[sJhe Input Pre-Processor, which is not parhef T2 system,
may include a Service splitter or de-multiplexar Toansport Streams (TS) for separating the ses\it® the T2
system inputs, which are one or more logical dwams. These are then carried in individual Playdiayer Pipes
(PLPs).

The system output is typically a single signal eatansmitted on a single RF channel. Optiondfig,dystem can

generate a second set of output signals, to beegedvo a second set of antennas in what is dsll8® transmission
mode.
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The present document defines a single profile whiichrporates time-slicing but not time-frequentigisg (TFS).
Features which would allow a possible future immatation of TFS (for receivers with two tuners/frends) can be
found in annex E. It is not intended that a reaeivith a single tuner should support TFS.

Bit i
e || Interleaved | ||  Frame | ofbm |
processing Coding & Builder generation |y
Modulation

T2 system

inputs

Figure 1: High level T2 block diagram

The input data streams shall be subject to theti@nsthat, over the duration of one physical-lafyame (T2-frame),
the total input data capacity (in terms of celbtighput, following null-packet deletion, if applide, and after coding
and modulation), shall not exceed the T2 availableacity (in terms of data cells, constant in tiofehe T2-frame for
the current frame parameters. Typically, this élachieved by arranging that PLPs within a grdupL®s will
always use same modulation and coding (MODCOD),imtedleaving depth, and that one or more groud@Léfs with
the same MODCOD and interleaving depth originadenfa single, constant bit-rate, statistically-npiéiked source.
Each group of PLPs may contain one common PLPa lgnbup of PLPs need not contain a common PLP. WWieen
DVB-T2 signal carries a single PLP there is no camrRLP. It is assumed that the receiver will alwlagsable to
receive one data PLP and its associated commoniPam.

More generally, the group of statistically multipdel services can use variable coding and modul @) for
different services, provided they generate a cohs$tdal output capacity (i.e. in terms of celler&cluding FEC and
modulation).

When multiple input MPEG-2 TSs are transmittedavgroup of PLPs, splitting of input TSs into TSR®ams
(carried via the data PLPs) and a TSPSC streamdaia the associated common PLP), as describadnex D,
shall be performed immediately before the Inputessing block shown in figure 1. This processirgldte
considered an integral part of an extended DVB-yR&2esn.

The maximum input rate for any TS, including ndtkets, shall be 100 Mbit/s. The maximum achieviieughput
rate, after deletion of null packets when applieats more than 50 Mbit/s (in an 8 MHz channel).

4.2 System architecture

The T2 system block diagram is shown in Figure lachvis split into several parts. Figure 2(a) shthesinput
processing for input mode ‘A’ (single PLP), anduFeg2(b) and Figure 2(c) show the case of inputariBt(multiple
PLP's). Figure 2(d) shows the BICM module and Fed(e) shows the frame builder module. Figure 2{§ws the
OFDM generation module.

Single; T T T
input ! 1 To BICM
stream; Input CRC-8 BB Header |1 | Padding BB ; module
1| interface | encoder [ | insertion | insertion | | Scrambler : '
. i
Mode adaptation Stream adaptation

Figure 2: System block diagram
(a) Input processing module for input mode 'A’ (sin gle PLP)
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Input Input Comp- Null- CRC-8 BB
—_— » Stream [ ensating[— packet [ > Header —
PLPO interface h ) encoder . .
Synchroniser delay deletion insertion
Input Input Comp- Null- CRC-8 BB
—_— ¥ Stream P ensating[—» packet [P > Header —
PLP1 interface h - encoder . -
Synchroniser delay deletion insertion
Multiple ! ! ! ! ! ! To stream
input I I : ! ! ! adaptation
streams
Input Input Comp- Null- CRC-8 BB
—_— » Stream [P ensating[— packet [ > Header —
PLPR interface h - encoder . -
Synchroniser delay deletion insertion
Figure 2(b): Mode adaptation for input mode 'B' (mu ltiple PLP)
frame m frame m-1
In-band
frame signalling or (if > BB >
PLPO delay relevant) padding Scrambler
insertion
A
L1 dynpieo (M)
Scheduler
In-band
frame signalling or (if > BB >
PLP1 delay relevant) padding Scrambler
insertion
, ) :
1
, L1 dynpies (M) ' '
: | : ! To BICM
| ! | ! module
: ! : :
In-band
frame signalling or (if > BB >
PLPn delay relevant) padding Scrambler
insertion
A
L1 dynpie, (M) .
Dynamic
scheduling
. information

e I I 8

L1 dyanpo.n (m)

Figure 2(c): Stream adaptation for input mode '‘B' (  multiple PLP)
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Compensates for

frame delay in input
module and delay in

time interleaver

Figure 2(e): Frame builder
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; ; Demux Map cells to Constellation :
FEC encoding Bit - - . Cell Time
m’ (LDPC/BCH) A interleaver ¥ bitsto constellathns ™ rotqtlon and = interleaver interleaver —
cells (Gray mapping) cyclic Q-delay
; ; Demux Map cells to Constellation :
FEC encoding Bit - > . Cell Time
m’ (LDPC/BCH) A interleaver ¥ bitsto constellathns A rotqtlon and ¥ interleaver interleaver —
cells (Gray mapping) cyclic Q-delay
! ! ! ! ! ! To frame
! ! ! ! ! ! mapper module
; ; Demux Map cells to Constellation :
FEC encoding Bit : > ; Cell Time
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cells (Gray mapping) cyclic Q-delay
FEC encoding
M IIs t
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FEC encoding Bit Demux Map cells to
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L1 Configuration
Figure 2(d): Bit Interleaved Coding and Modulation (BICM)
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Pilot insertion & |i i " | Guard |} p1 [ [ <1
MISO IFET | PAPR H ) | | pac b
processing % dummy tone J:-_’i " reduction [ interval (237 Symbol R <
reservation |! ! i |insertion|t |insertion | i )
i \ [ ! ! ! Tx2 (optional)

To
transmitter(s)

Figure 2(f): OFDM generation

4.3 Target performance

If the received signal is above the C/N+I threshté Forward Error Correction (FEC) technique aeldpn the
System is designed to provide a "Quasi Error Hf@EF) quality target. The definition of QEF adopfedDVB-T2 is
"less than one uncorrected error-event per trassonidhour at the level of a 5 Mbit/s single TV seevdecoder”,
approximately corresponding to a Transport Streaok& Error Ratio PER < 10before the de-multiplexer.

5 Input processing

5.1 Mode adaptation

The input to the T2 system shall consist of onmore logical data streams. One logical data stisararried by one
Physical Layer Pipe (PLP). The mode adaptation tesgdwhich operate separately on the contentsatf BaP, slice
the input data stream into data fields which, aftezam adaptation, will form baseband frames (BBés). The mode
adaptation module comprises the input interfadigvi@d by three optional sub-systems (the inpwgastr synchroniser,
null packet deletion and the CRC-8 encoder) and fineshes by slicing the incoming data stream iteta fields and
inserting the baseband header at the start of@stetfield. Each of these sub-systems is desciibtee following
clauses.

Each input PLP may have one of the formats spedifielause 5.1.1. The mode adaptation module oareps input
data in one of two modes, normal mode (NM) or heffttiency mode (HEM), which are described in ckeai5.1.7 and
5.1.8 respectively. NM is in line with the Mode Aatiation in [3], whereas in HEM, further stream sfiec
optimisations may be performed to reduce signaltiverhead. The Base-band Header (see clause 5idnd)s the
input stream type and the processing mode.

5.1.1 Input Formats

The Input Pre-processor/Service Splitter (see Eigyishall supply to the Mode Adaptation Modul&(sjngle or
multiple streams (one for each Mode Adaptation Medun the case of a TS, the packet rate will bersstant value,
although only a proportion of the packets may @poad to service data and the remainder may bepaaKets.

Each input stream (PLP) of the T2 system shallsse@ated with a modulation and FEC protection nvakieh is
statically configurable.

Each input PLP may take one of the following forsnat

. Transport Stream (TS) [1];
. Generic Encapsulated Stream (GSE) [2];

. Generic Continuous Stream (GCS) (a variable lepgttket stream where the modulator is not awarbeof t
packet boundaries);

. Generic Fixed-length Packetised Stream (GFPS)fdhis is retained for compatibilty with DVB-S2 [3}ut it
is expected that GSE would now be used instead.

A Transport Stream shall be characterized by Uaekéts (UP) of fixed length O-UPL = 188 bits (one MPEG
packet), the first byte being a Sync-byte (4y). It shall be signalled in the base-band headéG$Sield, see clause
5.1.7.
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NOTE: The maximum achievable throughput rate, afedetion of null packets when applicable, is
approximately 50.1 Mbit/s (in an 8 MHz channel).

A GSE stream shall be characterised by variablgttepackets or constant length packets, as sighaitihin GSE
packet headers, and shall be signalled in the Basd-Header by TS/GS field, see clause 5.1.7.

A GCS shall be characterized by a continuous bitash and shall be signalled in the base-band hé&ydEE/GS field
and UPL =@, see clause 5.1.7. A variable length packetstnghere the modulator is not aware of the packet
boundaries, or a constant length packet streameditg 64 kbit, shall be treated as a GCS, and bhadignalled in the
base-band header by TS/GS field as a GCS and UR|. see clause 5.1.7.

A GFPS shall be a stream of constant-length Usekd®s (UP), with length O-UPL bits (maximum O-UPalue 64
K). O-UPL is the Original User Packet Length, UBlthe transmitted User Packet Length, as signalltte base-
band header. It shall be signalled in the base-haader TS/GS field, see clause 5.1.7.

5.1.2 Input Interface

The input interface subsystem shall map the inmatinternal logical-bit format. The first receivbid will be indicated
as the Most Significant Bit (MSB). Input interfagiis applied separately for each single physigariipe (PLP), see
Figure 2.

The Input Interface shall read a data field, coredasf DFL bits (Data Field Length), where:
0 <DFL < (Kycp,- 80)
where K., is the number of bits protected by the BCH and Chiedes (see clause 6.1).

The maximum value of DFL depends on the chosen LB&Ie, carrying a protected payloadgf,, bits. The 10-byte
(80 bits) base-band header is appended to thedfdhe data field, and is also protected by thédBd LDPC codes.

The Input Interface shall either allocate a nundfénput bits equal to the available data fieldazity, thus breaking
UPs in subsequent data fields (this operation beatigd "fragmentation”), or shall allocate an geeenumber of UPs
within the data field (no fragmentation). The aahble data field capacity is equalkg.,,— 80 when in-band signalling
is not used (see clause 5.2.3), but less whenrid-bignalling is used. When the value of DFKg,, - 80, a padding
field shall be inserted by the stream adapter ¢iese 5.2) to complete the LDPC / BCH code blagkacity. A
padding field, if applicable, shall also be all@zhtn the first BB-Frame of a T2-Frame, to trandgmiband signalling
(whether fragmentation is used or not).

5.1.3 Input Stream Synchronisation (Optional)

Data processing in the DVB-T2 modulator may produargable transmission delay on the user infornmatide Input
Stream Synchronizer subsystem (optional) shallideosuitable means to guarantee Constant-Bit-RzB&] and
constant end-to-end transmission delay for anytidpta format. This process shall follow the speatfon given in
annex C, which is similar to [3]. Examples of reegiimplementation are given in annex I. This pssceill also allow
synchronisation of multiple input streams travellin independent PLPs, since the reference clodklamcounter of
the input stream synchronisers shall be the same.

The ISSY field (Input Stream Synchronisation, 2esybr 3 bytes) carries the value of a counter eldat the
modulator clock rate (T/whereT is defined in clause 9.5) and can be used byeibeiver to regenerate the correct
timing of the regenerated output stream. The 188¥ carriage shall depend on the input streamnédrand on the
Mode, as defined in clauses 5.1.7 and 5.1.8 andd3g4 to 8. In Normal Mode the ISSY Field is apfeshto UPs for
packetised streams. In High Efficiency Mode a €n§ISY field is transmitted per BB-Frame in the BBader, taking
advantage that UPs of a BB-Frame travel togetimet tlaerefore experience the same delayijitter.

When the ISSY mechanism is not being used, thesponding fields of the base-band header, if dmal] be set to '0'.

A full description of the format of the ISSY field given in annex C.

51.4 Compensating Delay for Transport Streams

The interleaving paramete®s andN+, (see clause 6.5), and the frame intelyalp (see clause 8.2) may be different
for the data PLPs in a group and the corresporzhingmon PLP. In order to allow the Transport Streamombining
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mechanism described in Annex D without requirindiidnal memory in the receiver, the input Trang®ireams

shall be delayed in the modulator following theeii®n of Input Stream Synchronisation informati®he delay (and
the indicated value of TTO — see Annex C) shaleh that, for a receiver implementing the bufteategy defined in
clause C.1.1 of Annex C, the partial transportastre at the output of the dejitter buffers for tiagadand common PLPs
would be essentially co-timed, i.e. packets witlregsponding ISCR values on the two streams wouloLibgut within
1ms of one another.

5.1.5 Null Packet Deletion (optional, for TS only, NM and HEM)

Transport Stream rules require that bit rateseabtitput of the transmitter's multiplexer and atitiput of the
receiver's demultiplexer are constant in time dredend-to-end delay is also constant. For somespoatiStream input
signals, a large percentage of null-packets mayésent in order to accommodate VBR services ionatant bit-rate
TS. In this case, in order to avoid unnecessanstréssion overhead, TS null-packets shall be ifiedt{PID = 819})
and removed. The process is carried-out in a watyttte removed null-packets can be re-insertetdanmdceiver in the
exact place where they were originally, thus guaeing constant bit-rate and avoiding the needirfte-stamp (PCR)
updating.

When Null Packet Deletion is used, Useful Packets TS packets with PIR 8191), including the optional ISSY
appended field, shall be transmitted while nulliggs (i.e. TS packets with PID = 819]including the optional ISSY
appended field, may be removed. See Figure 3.

After transmission of &P, a counter calle®NP (Deleted Null-Packets, 1 byte) shall be first tesal then
incremented at each deleted null-packet. WDISIP reaches the maximum allowed valDMP = 255, thenif the

following packetis again a null-packet this null-packstkept as a useful packet and transmitted.

Insertion of the DNP field (1 byte) shall be aftach transmitted UP according to clause 5.1.8igarks 5 and
6.

Reset after DNP
DNP ¢ insertion

Null-packet deletion Counter

4 J
_.< Useful- DNP (1 byte)
packets Insertion after Output
Next Useful
g Null- Packet
packets

InpUt Optiona
P /
S

v

Input

s UP : ¥ UP L s Nul et ! Null- et | B e 5
: e i iy ] il K ;
,
DNP=0,, DNP=0 DNP=1 DNP=
..................... \ 4 R
S .'l.J.p. ...... | %) N UP | D V'
Output X 4oz LE] 3 : 94

Figure 3: Null packet deletion scheme

5.1.6 CRC-8 encoding (for GFPS and TS, NM only)

CRC-8 is applied for error detection at UP leveb(idal Mode and packetised streams only). When cadpii (see
clause 5.1.8), the UPL-8 bhits of the UP (after cslygte removal, when applicable) shall be processethe systematic
8-bit CRC-8 encoder defined in annex F. The comp@BC-8 shall be appended after the UP accordiatatse 5.1.8
and Figure 5.
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Base-Band Header insertion

A fixed length base-band header of 10 bytes sleaihberted in front of the base-band data fieldriter to describe the
format of the data field. The base-band headet i@ one of two forms as shown in Figure 4a fammal mode (NM)
and in Figure 4b for high efficiency mode (HEM).eTeurrent mode (NM or HEM) may be detected by ti@NE

field (EXORed with the CRC-8 field).

MATYPE UPL DFL SYNC SYNCD fﬂ%%'g

(2 bytes) (2 bytes) (2 bytes) (1 byte) (2 bytes) (1 byte)
Figure 4a: base-band header format (NM)

MATYPE ISSY 2MSB DFL on SYNCD CRC'S

(2 bytes) (2 bytes) (2 bytes) (A byte) (2 bytes) (1 byte)

Figure 4b: base-band header format (HEM)

The use of the bits of the MATYPE field is descdlimlow. The use of the remaining fields of the lgder is
described in Table 2.

MATYPE (2 bytes): describes the input stream format and the typdaafe Adaptation as explained in Table 1.
First byte (MATYPE-1):

NOTE:

TS/GS field (2 bits), Input Stream Format: Gen&acketized Stream (GFPS); Transport Stream; Generic
Continuous Stream (GCS); Generic Encapsulated r8t(€SE).

SIS/MIS field (1 bit): Single or Multiple Input Stams (referred to the global signal, not to eadh)PL
CCM/ACM field (1 bit): Constant Coding and Modulati or Variable Coding and Modulation

The term ACM is retained for compatibilitytwiDVB-S2 [3]. CCM means that all PLPs use the same
coding and modulation, whereas ACM means that lh&iL#s use the same coding and modulation. In
each PLP, the modulation and coding shall be constdime (although it may be statically
reconfigured).

ISSYI (1 bit), (Input Stream Synchronization Indm: If ISSYI = 1 = active, the ISSY field shaléb
computed (see annex C) and inserted accordinguse5.1.8.

NPD (1 bit): Null-packet deletion active/not activENPD active, then DNP shall be computed anceaged
after UPs.

EXT (2 bits), media specific (for T2, EXT=0: resedvfor future use).

Table 1: MATYPE-1 field mapping

TSIGS (2 bits) SIS/MIS (1 bit) CCM/ACM (1 bit) | ISSYI (1 bit) NPD (1 bit) EXT (2 bits)
00 = GFPS 1 =single 1=CCM 1 = active 1 = active Reserved for future
11=TS 0 = multiple 0=ACM 0 = not-active |0 = not-active |use
01 =GCS (see note)
10 = GSE

NOTE 1: For T2, EXT=reserved for future use and for S2, EXT=RO =transmission roll-off.
NOTE 2: When GSE is used with normal mode, it shall be treated as a Continuous Stream and indicated by
TS/GS =01

Second byte (MATYPE-2):
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If SIS/MIS = Multiple Input Stream, then secondéoyt Input Stream Identifier (ISI); else second byte
reserved for future use.

NOTE: The term ISl is retained here for compatipivith DVB-S2 [3], but has the same meaning asténm

PLP_ID which is used throughout the present doctimen

Table 2: Description of the fields of the BB-header

Field Size (Bytes) Description
MATYPE 5 As described above
UPL 5 User Packet Length in bits, in the range [0,65535]
DFL 5 Data Field Length in bits, in the range [0,53760]
SYNC 1 A copy of the User Packet Sync-byte
SYNCD 5 The distance in bits from the beginning of the DATA FIELD to the first complete UP of
the data field. SYNCD=0p means that the first UP is aligned to the beginning of the
Data Field. SYNCD = 65535p means that no UP starts in the DATA FIELD.
CRC-8 MODE 1 The XOR of the CRC-8 (1-byte) field with the MODE field (1-byte). CRC-8 is the error
detection code applied to the first 9 bytes of the BBHEADER (see annex F).
MODE (8 bits) shall be:
¢ Op Normal Mode
¢ 1p High Efficiency Mode
¢ Other values: reserved for future use.
5.1.8 Mode adaptation sub-system output stream formats

This section describes the Mode Adaptation prongsand fragmentation for the various Modes andtli§iteam
formats, as well as illustrating the output strédarmat.

Normal Mode, Packetised Streamsand TS

See clause 5.1.7 for BB-Header signalling.
For Transport Stream, O-UPL=188x8 bits, and ttst fiyte shall be a Sync-byte (4X).

The Mode Adaptation unit shall perform (see Fidghire

Optional input stream synchronisation (see claus&8} UPL increased by g®r 24, bits according to ISSY
field length; ISSY field appended after each UP.

If a sync-byte is the first byte of the UP, it st removed, and stored in the SYNC field of taedzband
header, and UPL shall be decreased by eight k£ O-UPL - 8). Otherwise SYNC in the base-band
header shall be set to 0 and UPL shall remain uifredd

For TS only, optional null-packet deletion (seausle 5.1.5); DNP computation and storage aftengie
transmitted UP; UPL increased hy. 8

CRC-8 computation at UP level (see clause 5.1.BC@® storage after the UP; UPL increased hy 8

SYNCD computation (pointing at the first complet® of the Data Field, including CRC-8 of the pregou
UP) and storage in BB-Header.

For GFPS: UPL storage in BB-Header

NOTE 1: O-UPL in the modulator may be derived atistsetting (GFPS only) or un-specified automatic

signalling.

NOTE 2: Normal Mode is compatible with DVB-S2 BBdarne Mode Adaptation [3]. SYNCD=0 means that the

UP is aligned to the start of the Data Field andC&R(belonging to the last UP of the previous BB-
Frame) will be replaced in the receiver by the SYN@ when present or discarded.
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[

>

Time
. : b UPL : : TS
Packetised Stream = —————p = only
B v (g e[ ue | CRFE T L
v 8 = \ 8 Y 8 :Y 8 Y
T : 7
= * I USERPACKET =
] . :SYNCD: F E Optional
i 80 bits = DFL ot
< L »2
BBHEADER DATA FIELD
MATYPE UPL DFL SYNC SYNCD CRC-8
(2 bytes) (2 bytes) (2 bytes) (1 byte) (2 bytes) MODE(1 byte)

Figure 5: Stream format at the output of the MODE A DAPTER, Normal Mode, GFPS and TS

High Efficiency Mode, Transport Streams

For Transport Streams, the receiver knows a-priori the sync-byte configion and O-UPL=188x8 bits, therefore
UPL and SYNC fields in the BB-Header shall be reelio transmit the ISSY field. The Mode Adaptatimit shall
perform (see Figure 6):

Optional input stream synchronisation (see claus@brelevant to the first complete UP of the dihal;
ISSY field inserted in the UPL and SYNC fields bétbase-band header.

Sync-byte removed, but not stored in the SYNC fflthe base-band header.

Optional null-packet deletion (see clause 5.DBP computation and storage after the next tratasdltP.

CRC-8 at UP level shall not be computed nor ingerte

SYNCD computation (pointing at the first complete bf the Data Field) and storage in BB-Header.

UPL not computed nor transmitted in the base-bazdiér.

H : UPL : H Time
Transport Stream H > :
g upP B aup 3 upP R up = g upP
P P g P P O 3
: o n
:W User Packet .
: ; E : H Optional
:: 80 bits b DFL >: Replacing
: H sync-byte
BBHEADER DATA FIELD
MATYPE ISSY DFL ISSY SYNCD CRC-8
(2 bytes) (2 MSB) (2 bytes) (1 LSB) (2 bytes) MODE (1 byte)

(no CRC-8 computed for UPs, optional single ISSY in

\Optioﬂal f

Figure 6: Stream format at the output of the MODE A DAPTER, High Efficiency Mode for TS,

in the Base-band Header, UPL not transmitted)

Normal Mode, GCS and GSE
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See clause 5.1.7 for BB-Header signalling. For @&@Snput stream shall have no structure, or theettre shall not
be known by the modulator. The Mode Adaptatiort sihall perform (see Figure 7):

. Set UPL=@Q ; set SYNCD=Q; set SYNC=0: Reserved for future use.

. Null packed deletion (see clause 5.1.5) and CR@ra8puitation for Data Field (see clause 5.1.6) siwtlbe
performed.

For GSE Normal Mode means being treated as a GomtsnStream without segmentation (Variable lengitkpts
aligned to data field).

\ 4

= : Time
Generic Continuous E E
Stream = .
L] n
L] L]
L] n
- . L] [ ]
i 80 bits = DFEL ot
= X L Dl Lt |
BBHEADER DATA FIELD
MATYPE UPL DFL SYNC SYNCD CRC-8
(2 bytes) (2 bytes) (2 bytes) (1 byte) (2 bytes) MODE(1 byte)

Figure 7: Stream format at the output of the MODE A DAPTER, Normal Mode (GSE & GCS)

High Efficiency Mode, GSE

GSE variable-length or constant length UPs maydmesmitted in HEM. When the transmitter is awaréhefposition
of the first complete UP, SYNCD shall be computéds making possible GSE UP segmentation; other8¥§¢CD
shall be set to 0. The receiver may derive thetfenfjthe UPs from the packet header [2], therefdlPe. transmission
in BB-header is not performed. As per TS, the optidSSY field is transmitted in the BB-header.

The Mode Adaptation unit shall perform (see Figiire

. Optional input stream synchronisation (see claus@prelevant to the first complete UP of the distial;
ISSY field inserted in the UPL and SYNC fields loétbase-band header.

. Null-packet Deletion and CRC-8 at UP level shatl lm® computed nor inserted
. SYNCD computation (pointing at the first complete bf the Data Field) and storage in BB-Header.

. UPL not computed nor transmitted.
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UPL (in GSE Headers) _ o
H H M Time
GSE —i :
uP uP uP upP= uP

‘SYNCD "EUser Packet
" _DFL

s

B
A
I‘IIIIII an

i 80 bits

BBHEADER DATA FIELD

MATYPE ISSY DFL ISSY SYNCD CRC-8
(2 bytes) (2 MSB) (2 bytes) (1 LSB) (2 bytes) MODE (1 byte)

\Optional/

Figure 8: Stream format at the output of the MODE A DAPTER, High Efficiency Mode for GSE,
(no CRC-8 computed for UPs, optional single ISSY in  serted
in the Base-band Header, UPL not transmitted)

High Efficiency Mode, GFPSand GCS

These modes are not defined (except for the ca$8,0és described above).

5.2 Stream adaptation

Stream adaptation (see Figure 2 and Figure 9)qhesvi
a) scheduling (for input mode 'B"), see clause 5.2.1;

b) padding (see clause 5.2.2) to complete a consiagtt K., bits) BBFRAME and/or to carry in-band
signalling according to clause 5.2.3;

c) scrambling (see clause 5.2.4) for energy dispersal.
The input stream to the stream adaptation modwalk sk a BBHEADER followed by a DATA FIELD. The quuit
stream shall be a BBFRAME, as shown in Figure 9.

80 bits DFL Kber-DFL-80 R

[ [
> »

P P
« «

A

BBHEADER DATA FIELD PADDING AND/OR IN-
BAND SIGNALLING

« BBERAME (Kocr bits)

[
»

Figure 9: BBFRAME format at the output of the STREA M ADAPTER

521 Scheduler

In order to generate the required L1 dynamic slgrainformation, the scheduler must decide exawsthjch cells of
the final T2 signal will carry data belonging toiath PLPs, as shown in Figure 2(c). Although thisration has no
effect on the data stream itself at this stagestheduler shall define the exact composition efftame structure, as
described in clause 8.
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The scheduler works by counting the FEC blocks feaith of the PLPs. Starting from the beginnindheflhterleaving
Frame (which corresponds to either one or morera@wés — see clause 6.5), the scheduler countsaselpahe start of
each FEC block received from each PLP. The schethda calculates the values of the dynamic pararméor each
PLP for each T2-frame. This is described in motaitl: clause 8 (or in the case of TFS, in anngxTiBe scheduler
then forwards the calculated values for insertimaband signalling data, and to the L1 signaltjegerator.

The scheduler does not change the data in the Whikd it is operating. Instead, the data will héfered in
preparation for frame building, typically in theng interleaver memories as described in clause 6.5.

5.2.2 Padding

Kycn depends on the FEC rate, as reported in Tabladdify may be applied in circumstances when thedata

available for transmission is not sufficient to gbetely fill a BBFRAME, or when an integer numbérdPs has to be
allocated in a BBFRAME.

(Kperr DFL-80) zero bits shall be appended after the DATIBLD. The resulting BBFRAME shall have a constant
length ofKy,., bits.

5.2.3 Use of the padding field for in-band signalling

In input mode 'B', the PADDING field may also beddo carry in-band signalling. An in-band sigradlicarrying
L1/L2 update information and co-scheduled informmaiis defined as in-band type A. When IN-BAND_FLA€d in
L1-post signalling, defined in clause 7.2.3, iste€d’, the in-band type A is not carried in ttROBDING field. The use
of in-band type A is mandatory for PLPs that appeavery T2-frame and for which one Interleavimgrie is
mapped to one T2-frame (i.e. the valuesHoandl ;e for the current PLP are both equal to 1; seesela8.3.6.1 and
8.2).

The L1 dynamic signalling for Interleaving Framel (Interleaving Frame+2 in the case of TFS, see Annex E) of a
PLP or multiple PLPs is inserted in the PADDINGdief the first BBframe of Interleaving Frameof each PLP. If
NUM_OTHER_PLP_IN_BAND=0 (see below), the relevahPRearries only its own in-band L1 dynamic inforiat
If NUM_OTHER_PLP_IN_BAND>0, it carries L1 dynaminformation of other PLPs as well as its own infotiom
for shorter channel switching time.

Figure 10 illustrates the signalling format of &DDING field when in-band type A is delivered.

80 bits DFL Koen-DFL-80
-t -

BBHEADER DATA FIELD PADDING

IN-BAND signalling

ficlds Reserved

Figure 10: PADDING format at the output of the STRE AM ADAPTER for in-band type A

Table 3 indicates the detailed use of fields febamd signalling.
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Table 3: Padding field mapping for in-band type A

Field Size
PADDI NG TYPE 2 hits
PLP_L1_CHANGE_COUNTER 8 hits
RESERVED 1 8 hits
For j=0..P-1 {
SUB_SLI CE_I NTERVAL 22 hits
START_RF_| DX 3 bits
CURRENT_PLP_START 22 hits
RESERVED 2 8 bits
}
CURRENT_PLP_NUM BLOCKS 10 bits
NUM_OTHER _PLP_I N_BAND 8 hits
For i=0..NUM OTHER PLP_I N BAND-1 {
PLP_I D 8 bits
PLP_START 22 hits
PLP_NUM BLOCKS 10 bits
RESERVED 3 8 bits
}
RESERVED 4 Remainder of BB-frame

PADDING_TYPE: This 2-bit field indicates the type of the PADDBNield within the current BBframe. The mapping
of different types is given in Table 4.

Table 4: The mapping of PADDING types

Value Type
00 In-band type A
01 Reserved for future use
10 Reserved for future use
11 Reserved for future use

PLP_L1 CHANGE_COUNTER: This 8-bit field indicates the number of superfemnahead where the configuration
(i.e. the contents of the fields in the L1-pre siting or the L1-post signalling) will change imay that affects the
PLPs referred to by this in-band signalling fielthe next superframe with changes in the configamnaits indicated by
the value signalled within this field. If this fibis set to the value ‘0', it means that no scleeticthange is foreseen. E.g.
value 1' indicates that there is change in thé siggerframe. This counter shall always start dagrdown from a
minimum value of 2.

RESERVED_1: This 8-bit field is reserved for future use.

For the current PLP, the in-band signalling sheltdépeated, in order of T2-frame index, for eacthefR T2-frames to
which the next Interleaving Frame is mapped (se@ses 6.5.1 and 8.3.6.1). In the case of TFS,dkiehut-one
Interleaving Frame shall be signalled. The follogvfields appear in the Rop:

SUB_SLICE_INTERVAL: This 22-hit field indicates the number of OFDMIsdtom the start of one sub-slice of
one PLP to the start of the next sub-slice of #raesPLP on the same RF channel for the relevarfitaie. If the
number of sub-slices per frame equals the numbBRFathannels, then the value of this field indisate number

of OFDM cells on one RF channel for the type 2 diBs in the relevant T2-frame. If there are n@t@PLPs,

this field shall be set to '0'. The use of thisapaeter is defined with greater detail in clause@33.

START_RF_IDX: This 3-hit field indicates the ID of the startifigquency of the TFS scheduled frame, for the
relevant T2-frame, as described in Annex E. Theistafrequency within the TFS scheduled frame mlagnge
dynamically. When TFS is not used, the value o field shall be set to '0".

CURRENT_PLP_START: This 22-hit field signals the start position oétturrent PLP in the relevant T2-frame.
The start position is specified using the addressaheme described in clause 8.3.6.2.

RESERVED_2: This 8-bit field is reserved for future use.
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CURRENT_PLP_NUM_BL OCKS: This 10-bit field indicates the number of FEC ecsed for the current PLP
within the next Interleaving Frame (or the next-boe Interleaving Frame in the case of TFS).

NUM_OTHER_PLP_IN_BAND: This 8-bit field indicates the number of other Bléxcluding the current PLP for

which L1 dynamic information is delivered via thamrent in-band signalling. This mechanism shallydré used when
the values foP, andlyyp for the current PLP are both equal to 1 (othenhds®_OTHER_PLP_IN_BAND shall be

set to zero and the loop will be empty).

The following fields appear in the NUM_OTHER_PLP_BIAND loop:
PLP_ID: This 8-bit field identifies uniquely a PLP.

If the PLP_ID corresponds to a PLP whose PLP_TY4&€ (lause 7.2.3.1) is one of the values reseorefdtire
use, the remaining bits of this other PLP loopls$tdl be carried, and they too shall be reserfieeduture use and
shall be ignored.

PLP_START: This 22-hit field signals the start position offPLID in the next T2-frame (or the next-but-one T2-
frame in the case of TFS). When PLP_ID is not mdgpehe relevant T2-frame, this field shall betse©'. The
start position is specified using the addressimhgse described in clause 8.3.6.2.

PLP_NUM_BLOCKS: This 10-bit field indicates the number of FEC tlded¢or PLP_ID contained in the
Interleaving Frame which is mapped to the nextrB2ak (or the Interleaving Frame which is mappetthémnext-
but-one T2-frame in the case of TFS). It shall hzneesame value for every T2-frame to which therletiving
Frame is mapped. When PLP_ID is not mapped toekeT2-frame (or the next-but-one T2-frame in theecof
TFS), this field shall be set to '0'.

RESERVED_3: This 8-bit field is reserved for future use.

RESERVED_4: The remaining bits in the baseband frame, if ahgll currently be set to '0' and are reserved for
future use.

If there is no user data for a PLP in a given Iering Frame, the scheduler shall either:
. allocate no blocks (previously indicated by PLP_NUWBMOCKS equal to 0), or

. allocate one block (previously indicated by PLP_NWBWILOCKS equal to 1), with DFL=0, to carry the in-
band signalling (and the remainder of the BB-framikbe filled with padding by the input processor)

NOTE: In the case when the value of PLP_NUM_BLOGQGHKf@rring to the current Interleaving Frame eqals
(as signalled in a previous Interleaving Framed,dimamic signalling normally carried in the in-dan
signalling for the relevant PLP will still be pregén the L1 signalling in P2 (see clause 7.2.3a8) may
also be carried in the in-band signalling of anofPieP.

524 BB scrambling

The complete BBFRAME shall be randomized. The ramdation sequence shall be synchronous with the
BBFRAME, starting from the MSB and ending aftgy,, bits.

The scrambling sequence shall be generated beéuetack shift register of Figure 11. The polyndtitathe Pseudo
Random Binary Sequence (PRBS) generator shall be:

1+ X144+ x15

Loading of the sequence (100101010000000) int&RBS register, as indicated in Figure 11, shalhiteited at the
start of every BBFRAME.
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Initialization sequence
1 0 0 1 0O 1 0 1 0 0 0 0 0 o0 o0

1123 4 5\6 78\9\1011\121314 15

J 00000011 ... Vb S
T Lk

EXOR

clear BBFRAME input—\EB >

Randomised BBFRAME output

Figure 11: Possible implementation of the PRBS enco  der

6 Bit-interleaved coding and modulation

6.1 FEC encoding

This sub-system shall perform outer coding (BCHjer Coding (LDPC) and Bit interleaving. The ingtream shall
be composed of BBFRAMES and the output stream GfFFEAMES.

Each BBFRAME K., bits) shall be processed by the FEC coding suésydb generate a FECFRAMEkng bits).

The parity check bits (BCHFEC) of the systematidBalter code shall be appended after the BBFRAMH,the
parity check bits (LDPCFEC) of the inner LDPC enershall be appended after the BCHFEC field, asshio
Figure 12.

Nbch: KIdpc
Kbeh NoctKbch NidpcKidpe
BBFRAME BCHFEC LDPCFEC

Figure 12: format of data before bit interleaving
(Nigpe = 64 800 bits for normal FECFRAME, Ny, = 16 200 bits for short FECFRAME)

Table 5a gives the FEC coding parameters for theald-ECFRAME (\Ildpc = 64 800 bhits) and Table 5b for the short
FECFRAME (\lldpc =16 200 bits).

Table 5a: coding parameters (for normal FECFRAME Nigpe = 64 800)

LDPC BCH Uncoded BCH coded block N, BCH NpchKben LDPC Coded Block
Code Block Ky, LDPC Uncoded Block  [t-error correction Nidpc
KIdpc

1/2 32 208 32 400 12 192 64 800

3/5 38 688 38 880 12 192 64 800

2/3 43 040 43 200 10 160 64 800

3/4 48 408 48 600 12 192 64 800

4/5 51 648 51 840 12 192 64 800

5/6 53 840 54 000 10 160 64 800

DVB BlueBook A122



29 TM 3980 Rev. 5
Table 5b: coding parameters (for short FECFRAME Nigpc = 16 200)

LDPC BCH Uncoded |BCH coded block N, BCH Noch Kben Effective LDPC Coded
Code Block K., LDPC Uncoded Block t-error LDPC Rate Block
identifier Kidpe correction K|gpc/16 200 Nidpc
1/4 3072 3240 12 168 1/5 16 200
(see note)
1/2 7032 7 200 12 168 4/9 16 200
3/5 9552 9720 12 168 3/5 16 200
2/3 10 632 10 800 12 168 2/3 16 200
3/4 11712 11 880 12 168 11/15 16 200
4/5 12 432 12 600 12 168 7/9 16 200
5/6 13152 13320 12 168 37/45 16 200

NOTE:This code rate is only used for protection of L1 pre-signalling and not for data

NOTE: ForNgp.= 64 800 as well as fdM,c =16 200 the LDPC code rate is givenkay. / Ngpe. In table 5a the
LDPC code rates fd¥q,.= 64 800 are given by the values in the 'LDPC Coole'mn. In Table 5b the
LDPC code rates fd¥qpc = 16 200 are given by the values in the 'Effectild>C rate' column, i.e. for
Npc = 16 200 the 'LDPC Code identifier'rist equivalent to the LDPC code rate.

6.1.1 Outer encoding (BCH)

A t-error correcting BCHN., Ky,cp) code shall be applied to each BBFRAME to genematerror protected packet.
The BCH code parameters . = 64 800 are given in Table 5a andNgj,. = 16 200 in Table 5b.

The generator polynomial of therror correcting BCH encoder is obtained by mijiiig the firstt polynomials in

Table 6a foerde =64 800 and in Table 6b lede =16 200.

Table 6a: BCH polynomials (for normal FECFRAME Nigpc = 64 800)

9100 |14x2+x3+x5+x16
9(0) | Lxrx®+x3+x8+x8+x16

0300|163 +xHxCexT+x8+x9+x104+ 3114 %16

0400 |12 +xA x84 x4 x L4124 5144516

0500 | 1+xx2+x3+xS+xB+x0+x10+x1 14124416

6(¥) |1 xA x4 x T x84 xO+x104 121 1345144 4154 416
9,00 |15+ x04xB+xB+x 0+ x L0+ x I L4 x 134+ x 154516

Gg(¥) | L4xHxPxO+xB+x8+x0+x124x134 144116

g |10+x +x9+x10+x111 %16

01000 | LoxtxrxaxT x84 x04x 124 x 13414416

01100 |14+ x3x0+x9+x L4 x124 134416

01500 | 1xxS+x8+xT+x9+x1 1 +x12+ %16
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Table 6b: BCH polynomials (for short FECFRAME Nigpc = 16 200)

9,(¥) 1+x+x3+x5+x14

9,(X) 1+x8+x8+x11ex14

93(%) Lxx2+x8+x9+x10+x14

94(¥) 14X +x8+x104x124 14

95(X) 1432+ x84 58459+ x1 L4y 131514
9s(X) 103+x +x8+x9+x13+x14

g,(%) 1432+ x5+x8+ x T +x104x1 11134514
9s(%) 103+x8+x9+x104+x1 14514

95(%) 1+x+x2+x3+x9+x 10414

910(¥) 1+x3+3x8+x9+x1L4x124 414

91,03 1+xAxtlix124 14

912(¥) 1+xHX2 X3+ x40+ +xB+x 10413414

BCH encoding of information bits! = (mech-l’ My _,,...,IM, M) onto a codeword is achieved as follows:

Kpen™

Kpen=1

. Multiply the message polynomiai(x) = m, X + mech_zxk*’“’_2 +...+ mXx+m,by x NoenKoen

. Divide X Noen™<oen m(x) by g(x), the generator polynomial. Let
d(x)=d x4 4 d x + d, be the remainder.

Nben=Kpen

. Construct the output codewordwhich forms the information wordfor the LDPC coding, as follows:
I = (o, il""'iNbch—l) = (mthh—y My, 220 M, My, thch—thh—y thch—thh—zv--:dl’ dy)

NOTE: the equivalent codeword polynomialdéx) = X"+~ =rm(x) + d(X) .

6.1.2 Inner encoding (LDPC)

The LDPC encoder treats the output of the outeoding, | = (io, Km —1) as an information block of size

Kigpe = Ngcy» and systematically encodes it onto a codewdoadi size N,,., where

ldpc?
A= (/101/111/‘21' NLDPC) (|O1 gl Kmpc—l’ p01 p11 pNIdpc_Kldpc 1) :

The LDPC code paramete($N ) are given in Table 5.

ldpc? Idpc

6.1.2.1 Inner coding for normal FECFRAME

The task of the encoder is to determiNg,,. — K 4, parity bits (py, PLi- Prye k1) fOT €VETY blOCk ofkIdpc

information bits, (ig,i,....ic,, 1) - The procedure is as follows:

+  Initialize Py =P, = P, =...= Py, k1 =0

. Accumulate the first information bit,, , at parity bit addresses specified in the first of tables A.1 through
A.6 in annex A. For example, for rate 2/3 (A.3)| &lditions are in GF(2)):

Po = Po Dig P2767 = Paze7rD g
Pr0491= P1oag1 i P240= P40 Uig
Pi6043= Pisoasl o Pigs73= Pigs73l o
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Psos = Psos o Po279 = Po279Uig
Pr2g26= Pi2g26l o Pros79= P1os79U o
Psoss = Peoss o P20928= P20928 g

Ps226 = Pg22sU 1o
. For the next 359 information bitsi,,,, m=1,2,...,359accumulatei ,, at parity bit addresses
{x+mmod360x Qg,.} modWN,y,. — Ki;,.) where xdenotes the address of the parity bit accumulator
corresponding to the first big, and Qldpcis a code rate dependent constant specified ireTéhl Continuing

with the example,QIdpc = 60for rate 2/3. So for example for information jt the following operations are

performed:
Peo = Peo 13 Pag27 = Pogo7 Uiy
Pross1= P1oss1 iy P3oo = P3oo Uiy
Pi6103= Prs103l i1 Prg73s= Prarasl i1

Psss = Pses U 15

Po33e = Poazel iy

Pr2sss = Przsss 11 - i
Pro639= Prosasl i1

Pg125= Peizstlis P20988= P209ssl! i1

Ps286 = Pa2gsl i1

. For the 363 information biti,g,, the addresses of the parity bit accumulatorgimen in the second row of
the tables A.1 through A.6. In a similar manneratdresses of the parity bit accumulators for tiiefing
359 information bits,,,m=361362 ..., 71%re obtained using the formula

{x+(mmod360 x Q,c} MOAN,4,. — Kiye) Where X denotes the address of the parity bit accumulator
corresponding to the information bif,, i.e. the entries in the second row of the taBldsthrough A.6.

. In a similar manner, for every group of 360 nevoindation bits, a new row from tables A.1 througlé Are
used to find the addresses of the parity bit actatos.

After all of the information bits are exhausteds fimal parity bits are obtained as follows:

. Sequentially perform the following operations staytwith i = 1.
P=p 0Py, 15120 Ny = Kigpe =1

*  Final content ofp, ,i = 0L...,Ny,. — Kiy,c =1 is equal to the parity bip, .

Table 7a: Qg values for normal frames

Code Rate Qldpc
1/2 90
3/5 72
2/3 60
3/4 45
4/5 36
5/6 30
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6.1.2.2 Inner coding for short FECFRAME

KIdpc BCH encoded bits shall be systematically encode;ianeratel\lldpcbits as described in clause 6.1.2.1, replacing
Table 7a with Table 7b, the tables of Annex A wtith tables of Annex B.

Table 7b: Q. values for short frames

Code Rate Qldpc

1/4 36
1/2 25
3/5 18
2/3 15
3/4 12
4/5 10
5/6 8

6.1.3 Bit Interleaver (for 16QAM, 64QAM and 256QAM)

The output1 of the LDPC encoder shall be bit interleaved, Wtionsists of parity interleaving followed by colam
twist interleaving. The parity interleaver outpsitdenoted by and the column twist interleaver output\ay

In the parity interleaving part, parity bits ar¢eiheaved by:

u =4 for0<i< K, (informationbitsarenotinterleavel.)

ldpc

uK|dpc+36(l+s = AKIdpc"’dec@'t forO<s< 360’ O<t< Qldpc

where Qy,,. is defined in Table 7a/b.

The configuration of the column twist interleavifog each modulation format is specified in Table 8.

Table 8: Bit Interleaver structure

Modulati Rows N Columns
odulation Nigpc =64 800 Njgpc =16 200 Ne¢
16QAM 8 100 2 025 8
64QAM 5 400 1 350 12

4 050 - 16
256QAM N 2025 8

In the column twist interleaving part, the data bjtfrom the parity interleaver are serially writtenid the column-twist
interleaver column-wise, and serially read out meise (the MSB of BBHEADER is read out first) as siman Figure
13, where the write start position of each columtwisted bytaccording to Table 9. This interleaver is desdtibg
the following:

The input bity; with indexi, for 0<i < Nypc, is written to columrt;, row r; of the interleaver, where:
¢ =idivN,
r =i+t; modN;
The output bit; with indexj, for 0<j < nyy,, is read from row;, columnc;, where
r, = jdivN,
c, = j modN,

So for 64-QAM andNg,. = 64800, the output bit order of column twist ifeaving would be:
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(VO’Vl’ V2’--V64799) = (Uo, Us400 U16198---1U53992 U59231, U64790) :

A longer list of the indices on the right hand siflastrating all 12 columns, is: 0, 5400, 16128598, 26997, 32396,
37796, 43195, 48595, 53993, 59392, 64791, ...... 589899, 16197, 21597, 26996, 32395, 37795, 431BD48

53992, 59391, 64790.

MSB

e e r_YYRITE —of BBHeader READ
) Yoo \ |
Row1l [ 47 P [ O i N
v 3 i SRl
TN |
: E ':: \ R N \‘:k\ v -t -1-A -_______i:-_':::_=>
E i:’li i\i\ i \f\: =17 ] :‘_ __________ >
AN R E 18 |
1R | i
N N T Vo '
Vel | witestat | ! o B B e e
: ‘,: : | ppsitionis 1 | l-- ---"
AR (] B Y L ool N
IR B o
| 0 | [} [ 1 _4-- -
Row 8100 L] i) il: K i i S R R » |
vV L.V iy [ / /
Column 1 Column 8 LSB

of FECFRAME

Figure 13: Bit Interleaving scheme for normal FECFR  AME length and 16QAM

Table 9: Column twisting parameter  t

Modulation Columns Nigoc Twisting parameter tc
Ne ° Col.O [1]2|3]4]5 |6 |7 |8 9 |10 11 |12 |13 |14 |15
64800 | o lol2|ala|5 |7 |7
1OQAM ° 16200 | o |0 |0 |1 |7 |20 |20 |21
64800 | o |0 2|2|3|4 |4 |5 |5 |7 |8 |9
QAN 2 16200 | o fo|o|2|2|2 |3 |3 |3 |6 |7 |7
16 64800 | o |2 |2|2{2 |3 |7 |15 |16 |20 |22 |22 |27 |27 |28 |32
250QAM 8 16200 | o |0 |0 |1 |7 |20 |20 |21
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Each FECFRAME (which is a sequence of 64 800 bitérmal FECFRAME, or 16 200 bits for short FECR&A),
shall be mapped to a coded and modulated FEC blpikst de-multiplexing the input bits into pallicell words and
then mapping these cell words into constellatidnes The number of output data cells and the @ffecumber of
bits per cellgy,op is defined by Table 10. De-multiplexing is perf@uraccording to clause 6.2.1 and constellation

mapping is performed according to clause 6.2.2.

Table 10: Parameters for bit-mapping into constella

tions

LDPC block length . Number of output

(Nigpo) Modulation mode oD data cells
256-QAM 8 8 100
64-QAM 6 10 800
64800 16-QAM 4 16 200
QPSK 2 32 400
256-QAM 8 2025
64-QAM 6 2700
16 200 16-QAM 4 4 050
QPSK 2 8 100

6.2.1 Bit to cell word de-multiplexer

The bit-streanvy; from the bit interleaver is de-multiplexed iMtig,pstreamsSUb-streams, as shown in Figure 14. The

value ofNsypstreams iS defined in Table 11.

Table 11: Number of sub-streams in de-multiplexer

Modulation Nigpe NumberNof sub -streams,
substreams
QPSK Any >
64 800 16
256QAM 16 200 5

The de-multiplexing is defined as a mapping oftitienterleaved input bits;y; onto the output bits, 4, where
do =di div Nsubstreams
e is the de-multiplexed bit substream numbeg @< Ngypsireamy Which depends odi as defined in
Table 12;
Vyi is the input to the de-multiplexer;
di is the input bit number;
by 4o is the output from the de-multiplexer;

do s the bit number of a given stream at the outptihe de-multiplexer;
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bo,0 Po,1. P 2 -
bl,01 bl,l’ bl,Z’ e
Vo, V1, Vo, ... ”
> Demux
szubstream‘s.lyo’ szugstream‘slyl’ T
Input Outputs

Figure 14: De-multiplexing of bits into sub-streams

Table 12a: Parameters for de-multiplexing of bitst o0 sub-streams for all codes rates excluding rate 3/ 5

Modulation format QPSK
Input bit-number,
di mod Nsubstreams

Output bit-number,

e

Modulation format 16-QAM
Input bit-number,
di mod Nsubstreams

Output bit-number,

e

Modulation format 64-QAM
Input bit-number,
di mod Nsubstreams

Output b'é'"“mber’ 1173|106 |2]9|5 18] a4]o0

Modulation format 256-QAM (NIdpc =64800)
Input bit-number,
di mod Nsubstreams

Output bit-number,

0 1 2 3 4 5 6 7 8 9 10 11

0(1,2|3|4|5|6 |7 |8]9]|10|11|12|13|14|15

1511|133 | 8|11|9 |5 (10| 6 |4 |7 |12| 2 (14| 0

e
Modulation format 256-QAM (NIdpc =16200)

Input bit-number,

di mod Nsubsueams 0 1 2 3 4 5 6 /
Output bit-number, 7 3 1 5 2 6 4 0

e
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Table 12b: Parameters for de-multiplexing of bitst o0 sub-streams for code rate 3/5 only

Modulation format QPSK

In_put bit-number, 0 1

di mod Nsubsteams
Output bié—number, 0 1
Modulation format 16-QAM (Nigpc = 64 800)

:;‘ipr;]ﬁg'}\l’:u‘i’;:);: 0 1 2 3 4 5 6 7
Output bié—number, 0 5 1 2 4 7 3 6
Modulation format 16-QAM (Nigpc = 16 200)

g}p$gg'E2$ZEa?; 0 1 2 3 4 5 6 7
Output bié—number, 7 1 4 > 5 3 6 0
Modulation format 64-QAM(Nidpc = 64 800)

Input bit-number,
di mod Nsubstreams
Output bit-number,
e
Modulation format 64-QAM (Nigpe = 16 200)

Input bit-number,
di mod Nsubstreams

o“tp”tb'é'“”mber* 117 | 3|16 2|95 |18/ a]o0
Modulation format 256-QAM (Nigpc = 64 800)

Input bit-number,
di mod Nsubstreams
Output bit-number,

0(1,2|3|4|5|6 |7 |8]9]|10|11|12|13|14|15

21134 | 0|91 )|8|10(13| 7 |14| 6 |15]| 5 |12

e
Modulation format 256-QAM (Nigpc = 16 200)

Input bit-number,

di mod Nsubsueams 0 1 2 8 4 5 6 !
Output bit-number, 7 3 1 5 2 6 4 0

e

Except for QPSKNgpe = 64800 or 16200) and 256-QAMI,=16200 only), the words of widtsypstreamatre split
into two cell words of widthz\jop= =N substreamd?2 at the output of the demultiplexer. The fifgiog=Nsubstreamd 2 bits

[bo.go- b\ n@_lvdd form the first of a pair of output cell wordgbqo- Yimogh: 2dd and the remaining output bits

[bNSubstrea n{g’do'b\‘substream'él’dO] form the second output cell WO%,[zdo+1-y,,m0 dl,Zdoﬂ] fed to the constellation mapper.

In the case of QPSK\(y,. = 64800 or 16200) and 256-QAM{,.=16200 only), the words of widtlsstreamdrom the
demultiplexer form the output cell words and akd@ectly to the constellation mapper, so:

substrea

[Vodo- -quodl,do] = [bogo -b\lsubslream-sl,do]

6.2.2 Cell word mapping into I/Q constellations

Each cell Word)(og..y,,modl,a) from the demultiplexer in clause 6.2.1 shall ledolated using either QPSK, 16-QAM,
64-QAM or 256-QAM constellations to give a consaibin pointz, prior to normalisation.

BPSK is only used for the L1 signalling (see clati$e3.2) but the constellation mapping is spetifiere.

The exact values of the real and imaginary compisrieag,) and Img,) for each combination of the relevant input bits
Yeq are given in Table 13(a-i) for the various coratins:
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Table 13(a): Constellation mapping for BPSK

Yoq 1 0
Re(zg) -1 1
Im(zq) 0 0

Table 13(b): Constellation mapping for real part of QPSK

Yoq 1 0
Re(zq) -1 1

Table 13(c): Constellation mapping for imaginary pa  rt of QPSK

Yiq 1 0
Im(zq) -1 1

Table 13(d): Constellation mapping for real part of 16-QAM

Yoq 1 1 0 0
Y2,q 0 1 1 0
Re(z,) -3 -1 1 3

Table 13(e): Constellation mapping for imaginary pa  rt of 16-QAM

Yigq 1 1 0 0
Y3.q 0 1 1 0
Im(zq) -3 -1 1 3

Table 13(f): Constellation mapping for real part of 64-QAM

Yo.q 1 1 1 1 0 0 0 0
Y2,q 0 0 1 1 1 1 0 0
Yaq 0 1 1 0 0 1 1 0
Re(zq) -7 -5 -3 -1 1 3 5 7
Table 13(g): Constellation mapping for imaginary pa  rt of 64-QAM
Y14 1 1 1 1 0 0 0 0
Y34 0 0 1 1 1 1 0 0
Ys5.q 0 1 1 0 0 1 1 0
Im(zq) -7 -5 -3 -1 1 3 5 7
Table 13(h): Constellation mapping for real part of 256-QAM
Yo.q 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Y2,q 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0
Yaq 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Ye6.q 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Re(zq) -15 | -13 | -11 -9 -7 -5 -3 -1 1 3 5 7 9 11 13 15
Table 13(i): Constellation mapping for imaginary pa  rt of 256-QAM
Y14 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Y34 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0
Ys5.q 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Y7.q 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Im(zq) -15 | -13 | -11 -9 -7 -5 -3 -1 1 3 5 7 9 11 13 15

The constellations, and the details of the Graypimapapplied to them, are illustrated in Figureabsl Figure 16
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g bit pattern

The constellation points for each input cell wordygg. y, 10 are normalized according to Table 14 to obtaé th

correct complex cell valuig to be used.

Table 14: Normalization factors for data cells

Modulation Normalization
BPSK f, =12
QPSK fy = %

16-QAM fq = %
64-QAM fq = %
256-QAM fq = %
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6.3 Constellation Rotation and Cyclic Q Delay

When constellation rotation is used, the normalisgitlvalues of each FEC blo&k=(fo, f1, fucels1), coming from the
constellation mapper (see clause 6.2.2) are rotatéite complex plane and the imaginary part calliyjodelayed by
one cell within a FEC block.e s is the number of cells per FEC block and is givefable 16. The output cells

G=(go G, ---» Gicels) are given by:
go= ReRrqo fo) +]j IM(Rrap fncets 1)
09= ReRrap fy) +J IM(Rrap fy-0), 01,2, ... Neais1,

27D
2
where the rotation phasd?\’RQD =e 350 The rotation angl® depends on the modulation and is given in Table 15

Table 15: Rotation angle for each modulation type

Modulation QPSK 16-QAM 64-QAM 256-QAM
® (degrees) 29,0 16,8 8,6 atan (1/16)

where atan(1/16) denotes the arctangent of 1/1&ssged in degrees.

Constellation rotation shall only be used for tbenmon PLPs and the data PLPs and never for theafdlhe L1
signalling. When constellation rotation is not ugieel PLP_ROTATION=0, see clause 7.2.3.1), this@e passed
onto the cell interleaver unmodified, igg=f,.

6.4 Cell Interleaver

The Pseudo Random Cell Interleaver (Cl), whictlustrated in Figure 17, shall uniformly spread tedls in the FEC
codeword, to ensure in the receiver an uncorrel@istdbution of channel distortions and interfereralong the FEC
codewords, and shall differently "rotate" the itgaving sequence in each of the FEC blocks of ame Thterleaver
Block (see clause 6.5).

The input of the CIG(r)=(9; . G 1 G2+ Or N.-1) Shall be the data cellg gy, 9., On,-1) Of the FEC block of

index t', generated by the constellation rotation andicy@ldelay (see clause 6.3)represents the incremental index
of the FEC block within the TI-block and is resetzero at the beginning of each TI-block. The otuguhe CI shall
be a vectoD(r) = (d, g, d 5, d 5., 0 \_,.1) defined by:

dr,L,-(q) =0q for eachg = 0,1,...N g1,

whereN,siS the number of output data cells per FEC blocttediied by Table 16ndL.(q) is a permutation function
applied to FEC block of the TI block.

L:(g) is based on a maximum length sequence, of déiyeeB), where N, = ’_IOQZ(Ncensﬂ: plus MSB toggling at

each new address generation. When an addresseisatgghlarger than or equalNig., it is discarded and a new
address is generated. To have different permutafmrdifferent FEC blocks, a constant shift (madiles) is added
to the permutation, generated as a bit-revelgedit sequence, with values greater than or equdldediscarded.

The permutation functioh,(q) is given by
Lr(Q) = [LO(q) +P(r)] mod Ncells:

whereLy(q) is the basic permutation function (used for ih& FEC block of a TI block) anB(r) is the shift value to
be used in FEC bloakof the TI block.

The basic permutation functidrp(q) is defined by the following algorithm.

An Ny bit binary word§ is defined as follows:

For alli,

S [Ng-1] = (i mod 2) // (toggling of top bit)
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i =0,1:

S [Ng-2,Ng-3....,1,0] = 0,0,...,0,0
i =2:
S, [Ng-2, Ny-3....,1,01 = 0,0,...,0,1
2<i<2V;
S [Ng3, Ng4,...,1,0] =51 [Ny -2, Ny -3,...,2,1];
for Ny =11:§[9] =S4 [0] 0 §4[3]
for Ny = 12:§[10] =S_,[0] 0 S 4 [2]
for Ng = 13:§[11] =§.1[0] U §.;[1] 0 §4[4] 0 §.,[6]
for Ny =14:§[12]=§.1[0] 0 §;[1] 0 §4[4]1 0 §4[5]1 0 §,[9] O § 1 [11]
for Ny =15:§[13] =54 [0] 0 §4[1] 0 §,[2] 0 §,[12]

The sequencky(q) is then generated by discarding value§ gfreater than or equal My as defined in the following
algorithm;

q=0;
for (i = 0;i < 2'%i=i+1)

{
Ny -1 _
Lo(a)= > S 2"
j=0
if (Lo(0) < Nceis)
q=0+1;
}

The shiftP(r) to be applied in FEC block indexs calculated by the following algorithm. The FBIBck indexr is the
index of the FEC block within the Tl-block and ctsiap toNgec 1 (n,s) — 1, wheréNeec 1 (n,S) is the number of FEC
blocks in TI-block indexs' of Interleaving Framean” (see clause 6.5.2%(r) is the conversion to decimal of the bit-
reversed value of a countein binary notation ovelNy bits. The counter is incremented if the bit-regdrgalue is too
great.

n=0;
for (r=0; r<Neec_m (n,9); r++)
{

P(r)=Neers

while (P(r)>=Ngeis)

{

n j+
Ny = n_\‘zjﬂ“zj ' o
P(r):Z—Zj AN
j=0
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n=n+1;

}

So forNgei= 10800,Ny= 14, and the shife(r) to be added to the permutation for0, 1, 2, 3, .. would be 0, 8 192,
4096, 2 048, 10 240, 6 144, 1 024, 9 2186, ...

r=1 r=2 r=3

Fecblock | =0

index /

Modulation
order

Neeli= NLDPC/’7mod <

FECframe
length:
64800
16200

\

Figure 17: Cell Interleaving scheme

6.5 Time Interleaver

The time interleaver (T1) shall operate at PLP leVhe parameters of the time interleaving may ifferént for
different PLPs within a T2 system.

The FEC blocks from the cell interleaver for eati? Bhall be grouped into Interleaving Frames (whkichmapped
onto one or more T2-frames). Each Interleaving Erahall contain a dynamically variable whole numtfédfEC
blocks. The number of FEC blocks in the Interlegitame of index is denoted byNg ocks 1{N) and is signalled as
PLP_NUM_BLOCKS in the L1 dynamic signalling.

NgLocks may vary from a minimum value of 0 to a maximurtueaNg ocks 1 max NeLocks_iF maxiS signalled in the
configurable L1 signalling as PLP_NUM_BLOCKS_MAXh#& largest value this may take is 1023.

Each interleaving frame is either mapped directipmne T2 frame or spread out over several T2d=sas described
in clause 6.5.1. Each interleaving frame is alstddd into one or moreNg;) Tl-blocks, where a Tl-block corresponds
to one usage of the time interleaver memory, asrie=l in clause 6.5.2. The TI-blocks within a iteaving Frame
can contain a slightly different number of FEC lidf an Interleaving frame is divided into mul&pri-blocks, it

shall be mapped to only one T2-frame.

There are therefore three options for time intettegfor each PLP:

1) Each Interleaving Frame contains one TI-block anehapped directly to one T2-frame as shown in [igur
18(a). This option is signalled in the L1-signailiby TIME_IL_TYPE='0'and TIME_IL_LENGTH="1".

2) Each Interleaving Frame contains one Tl-block anehapped to more than one T2-frame. Figure 18(ysh
an example in which one interleaving frame is mdppetwo T2-frames, and FRAME_INTERVAL(p)=2.
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This gives a greater time diversity for low datterservices. This option is signalled in the L1nsitjing by
TIME_IL_TYPE=""

3) Each Interleaving Frame is mapped directly to odrame and the Interleaving Frame is divided sewgeral
TlI-blocks as shown in Figure 18(c). Each of théblbeks may use up to the full TI memory, thus iasiag
the maximum bit-rate for a PLP. This option is siigd in the L1-signalling by TIME_IL_TYPE='0"

FEC blocks LLLLEE)y PEEEL] PEEEEEE] [

Tl-blocks

Interleaving
Frames

T2-frames

Figure 18(a): Time interleaving for P,;=1, l;ymp=1, N1=1

FEC blocks LT [ [ ]
Tl-blocks
Interleaving Interleaving
Frames Frame
T2-frames

Figure 18(b): Time interleaving for P=2, l;ump=2, N7j=1

meere | LI (I [TTITITT]

Interleaving | Interleaving | Interleaving | Interleaving | Interleaving | Interleaving
Frame Frame Frame Frame Frame Frame 5

Figure 18(c): Time interleaving for  P,;=1, lyymp=1, N7=3

6.5.1 Mapping of Interleaving Frames onto one or more T2-frames

Each interleaving frame is either mapped directipmne T2-frame or spread out over several T2-dgarMhe number
of T2-frames in one Interleaving Franf, is signalled in the L1 configurable signalling B\ME_IL_LENGTH in
conjunction with TIME_IL_TYPE.

The length of the time interleaving peridd shall not exceed one super frame. The time iraeirg period is
calculated as:
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Tp = Te x Pi(i)* Lyuwe (1),

whereTg is the T2-frame length in time (see clause 8.8nbl) ;uwp (i) is the interval of T2-frames for PLiPe.qg. if the
PLP occurs in every third T2-franhgue(i)=3 (see clause 8.2p,(i) is the value oP, for PLPi.

NOTE: There will be an integer number of FEC blotkan Interleaving Frame, but the number of FEGCkd
per T2-frame need not be an integer if the Interf@aFrame extends over several T2-frames.

There shall be an integer number of Interleaviranies in a superframe so that:

Nt2/ (P % I3ume) = integer number of Interleaving Frames per dupere,
whereNy, is the number of T2-frames in a super frame.

EXAMPLE: The super frame length of a T2 systeriiis=20. The system carries among others the following
PLPs: PLP1 with interleaving lengfy(1) = 1 frame occurring in every T2-frameyus(1)= 1;
PLP2 with interleaving lengtR,(2) = 2 frames occurring in every second T2-fralpgis(2)= 2;
and PLP3 with interleaving lengt(3) = 4 frames occurring in every fifth T2-frameue(3) = 5.
The number of interleaving frames per super fras0i/ (k1) = 20 Interleaving Frames for

PLP1, 20/ (&2) =5 Interleaving Frames for PLP2 and 20¥5¢= 1 Interleaving Frames for
PLP3.

6.5.2 Division of Interleaving frames into Time Interleaving Blocks

The time interleaver interleaves cells over on8lbck, which contains a dynamically variable integamber of FEC
blocks.

In one Interleaving Frame there may be one or mbldocks. The number of Tl blocks in an interleayiframe,
denoted by, shall be an integer and is signalled in the Lifigoirable signalling by TIME_IL_LENGTH in
conjunction with TIME_IL_TYPE.

NOTE: If an Interleaving Frame extends over mudtipR-frames, theN; will be 1, i.e. one interleaving frame
will contain exactly one TI block.

The number of FEC blocks in Tl block indexdf interleaving framen' is denoted bfec 1 (n,S), where O< s< Np,.

If Ny =1, then there will be only one TI-block, with Exds=0, per Interleaving Frame aftizc 1(n,9 shall be equal to
the number of FEC blocks in the Interleaving FraNigocks 1£n).

If Ny >1, then the value ®rec 1i(n,9 for each Tl block (index) within the Interleaving Frame (index shall be
calculated as follows:

NpLocks_IF (N)
Ny

NBLocks IF (N)
Ny

J s< Ny =[NgLocks_ir () modNT]

Neec_1i(n,s) =
{ J+1 s Nt —[NpLocks_iF (n) modNy; ]

This ensures that the valuesNytc 1(n,9 for the Tl blocks within an Interleaving Framédfeli by at most one FEC
block and that the smaller Tl blocks come first.

Neec_mi(n,9 may vary in time from a minimum value of 0 to aximum valueNeec 1_max Neec_mi_max may be
determined fronNg ocks_ir_vax(s€e clause 6.5 above) by the following formula:

NBLOCKS IF _MAX 1

NEeC 71 MAX { =

The maximum number of TI memory cells per PLP sball;=2"%+2', but note that this memory shall be shared
between the data PLP and its associated commor{iPauy). Therefore, for PLPs without an associatechmon PLP,
NaLocks_ie max@ndNy shall be chosen such that:

Nrec_1i_max* Neews< My,
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whereNceLsis the number of cells per FEC block and is giwemable 16 for the various constellations and FEC
lengths.

For PLPs having an associated common PLPMhé&| cells shall be divided statically between ttaeadPLP and the
common PLP, such that for any one data PLP fromeapgwith an associated common PLP:

NFEC_TI_MAX (data PLP)< NCELLs(data PLP) -'NFEC_TI_MAX (Common PLP)<NCE|_|_5(C0mm0n PLP)S MT|

The FEC blocks at the input shall be assigned tdddks in increasing order ef Each Tl block shall be interleaved as
described in 6.5.3 and then the cells of eachleaeed TI block shall be concatenated togetheortm the output
Interleaving Frame.

6.5.3 Interleaving of each TI block

The Tl shall store in the TI memories (one per Phe)cells @hs06 Gnsos---» Onsoncelis-1 Ons10 Onstae..s dn’s'lNcells'l’
dn’SNFEC H{nsr10 dn’S'NFEC HNS-LEees dn’S'NFEC TK”’S)'l’NceIIS'l) of theNre(n,s) FEC blocks from the output of the cell

interleaver, wheré,, 4 is the output celtl , from the cell interleaver belonging to the curr@hblocks of the current
interleaving framen.

Typically, the time interleaver will also act abufer for PLP data prior to the process of framgding (see clause 8).
This can be achieved by means of two memory basrksach PLP. The first Tl block is written to thestf bank. The
second TI block is written to the second bank witiie first bank is being read from and so on,FSgere 19.

PLP1
Memory

PLP2
Memory

WRITE

PLPk
Memory

Memory Bank A

PLP1
Memory

PLP2
Memory

READ

PLPk
Memory

Memory Bank B

Figure 19: Example of operation of time interleaver memory banks

The Tl shall be a row-column block interleaver: thenber of rowd\, in the interleaver is equal to the number of cells

in the FEC blockNes) divided by 5, and the number of columiis= 5%xNgec(n,s). Hence the number of columns
filled will vary Tl-block by Tl-block depending oits cell-rate. The parameters of the interleaverdafined in Table
16.
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Table 16: Parameters for time interleaver

LDPC block length Modulation Number of cells Number of rows N;
(Nidpe) mode per LDPC block ( NceiLs)
256-QAM 8 100 1620
64-QAM 10 800 2160
64 800 16-QAM 16 200 3240
QPSK 32 400 6 480
256-QAM 2025 405
64-QAM 2700 540
16 200 16-QAM 4050 810
QPSK 8 100 1620

A graphical representation of the time interleaseshown in Figure 20. The first FEC block is vaiittcolumn-wise
into the first 5 columns of the time interleavére second FEC block is written column-wise intorikgt 5 columns
and so on. The cells are read out row-wise.

WRITE First cell of first READ

e e e e - FEC block
I I L : _:_of TI-bIock\_

o L _E:’/% 18 | B - [ - T |
1 B g N
L ] ol . 1 B B8 BB EEEEEPPEE =
o I (R B I . I
! 1 ! \ | \ ) 1 -

o e I I Dl ~ il - ] - - >
[ [ 1 . | !

| | | | | 1 | | |
TN ] N

] I [} | | ] [ | ]

| : | : [} : : |

! 1 ! 1 ! ] 1 ! “r=r- =9~ - :_‘,:»
1 A H K IR -

[ I (L B I i R S

| 1 | ] | | | [} B el i e I _-_:}
| : | : | : : L0 Y N R I (R B =

[ [ [ . | | _-}--

| 1 | | | 1 1 | _-1-"

Row Nr Lod:Lolilil: L] Bl il i > |
Oovl v SRR

Column 1 Column N¢

Figure 20: Time interleaver

6.5.4 Using the three Time Interleaving options with sub-slicing

In order to allow the maximum flexibility to sele€tt characteristics, the Interleaving Frames ataiiput of the time
interleaver may be split into multiple sub-slicas,described in clause 8.3.6.3.2.

The case where sub-slicing is used together witb-thterleaving option (1) (wheR®=1 andNp=1 as defined above)
is shown in Figure 21.
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First cell of first FEC
block of T2-frame (for
the current PLP)

——————————————————— —~> Sub-slice 0

—_—

__________________ ~p> Sub-slice 1

___________________ —~> Sub-slice

-------------------- » Nsubslices=2

——————————————————— —~»> Sub-slice

"""""""""" D Nsubslices'l

Figure 21: An example showing the output from a sin gle Tl block, when interleaving
over an integer number of T2-frames for a single RF channel. The output from the Tl block
is split into  Ngupsices SUb-slices

Sub-slicing may also be used together with timerletiving option (2), where the output Interleaviltigme is mapped

to more than one T2-frame as described in clausé.6This is similar to case (1), except that titerleaving frame is
split into a total oNsysicex P Sub-slices, as shown in Figure 22.
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First cell of first FEC
block of Interleaving
Frame

Sub-slice 0

Sub-slice 1

>T2-frame 0
Sub-slice

Nsubslices'2

Sub-slice
Nsubslices'l

/

\

Sub-slice 0

Sub-slice 1
T2-frame

P, -1

Sub-slice
Nsubslices'2

-------------------- > Sub-slice

Nsubslices'l /

Figure 22: The output from a single Tl block, split into Ngupsices SUb-slices in each of P, T2-frames

Finally, sub-slicing may be used in combinationhaitne interleaving option (3), where the InterlieavFrame is
divided into multiple TI blocks. The TI blocks withthe Interleaving Frame may be of different sizssdescribed in
clause 6.5.2, and the number of sub-slices neelavat any particular relationship to the nunmitégrof TI blocks in
the interleaving frame. Therefore, the sub-slicésnet necessarily contain a whole number of rdwesn the time
interleaver, and furthermore a sub-slice can coraalls from more than one TI block.

EXAMPLE 1: In Figure 23 the data PLPs of type 2taa@smitted in four sub-slices and one Interleg#name
is mapped to one T2-frame for all PLPs. PLP1 heeetfil blocks, PLP2 has two TI blocks and
PLP4 has four Tl blocks in the Interleaving Frathe: others have one Tl block. PLP1 and PLP2
contain different numbers of FEC blocks in eaclbldtk of the Interleaving Frame. Some
subslices for PLP1 and PLP2 contain cells fromedét Tl blocks.
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- T2-fram -

123.5123%5123/512345

PLP 1: Three time interleaving blocks / T2-frame
PLP 2: Two time interleaving blocks / T2-frame
PLP 3: One time interleaving block / T2-frame
PLP 4: Four time interleaving blocks / T2-frame
PLP 5: One time interleaving block / T2-frame

Figure 23: PLPs with different interleaving periods

EXAMPLE 2: A PLP is interleaved using multiple Tibbks per Interleaving Frame, so that one T2-frame
contains two TI blocks. The scheduler counts 28ivec FEC blocks during a frame
(PLP_NUM_BLOCKS = 23 in L1 post-signalling). Theme divided into two Tl blocks so that
the first Tl block is interleaving over 11 FEC bkscand the second Tl block is interleaving over
12 FEC blocks, following the rule of interleavingeo the smaller Tl block first. The number of
sub-slices per T2-frame for type 2 data PLPs is Zhe first Tl block is then carried in sub-slices
1 to 115, the latter in sub-slices 115 to 240, with-slice 115 containing cells from both TI
blocks.

Whichever time interleaving option is used, all-slibes of a PLP in a T2-frame shall contain anabqumber of cells.
This condition will automatically be satisfied basaP, andNgsicesshall be chosen in order to satisfy a more
restrictive condition as described in clause 83326.For Time-Frequency Slicing using multiple Rfacnels a
different condition applies: see annex E.

If time interleaving is not used (i.e. TIME_IL_LEN®I=0), the output of the time interleaver shall gsishof the cells
presented at the input in the same order and witimodification. As explained above, the time irgester will
typically act as a buffer for PLP data and therefitie output may be delayed by a varying amourtt re$pect to the
input even when time interleaving is not usedhis tase, a compensating delay for the dynamidgumation
information from the scheduler will still be regedt, as shown in Figure 2(e).
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7 Generation, coding and modulation of Layer 1
signalling
7.1 Introduction

This clause describes the layer 1 (L1) signalliftee L1 signalling provides the receiver with a netmaccess
physical layer pipes within the T2 frames. Figudelistrates the L1 signalling structure, whictsgit into three main
sections: the P1 signalling, the L1 pre-signalkimgl L1 post-signalling. The purpose of the P1 diigrga which is
carried by the P1 symbol, is to indicate the traasion type and basic transmission parametersréiaining
signalling is carried by the P2 symbol(s), whichyralso carry data. The L1 pre-signalling enablesréteption and
decoding of the L1 post-signalling, which in tuoneeys the parameters needed by the receiver éssitice physical
layer pipes. The L1 post-signalling is further spito two main parts: configurable and dynamial #mese may be
followed by an optional extension field. The L1-pfisishes with a CRC and padding (if necessargj. Rore details
of the frame structure, see clause 8.

T2 frame
P1 P2 Data symbols
P1 signalling| L1 pre-signalling _ L1
padding
Configurable Dynamic Extension |CRC

Figure 24: The L1 signalling structure

7.2 L1 signalling data

All L1 signalling data, except for the dynamic Lasp-signalling, shall remain unchanged for thererduration of one
superframe. Hence any changes implemented to thentwonfiguration shall be always done within boeder of two
superframes.

7.2.1 P1 Signalling data

The P1 symbol has the capability to convey 7 lnitsfgnalling. Since the preamble (both P1 andyRibsls) may
have different formats, the main use of the P1aligy is to identify the preamble itself. The infieation it carries is
of two types: the first type (associated to thebid of the P1) is needed to distinguish the prdaridsmat (and, hence,
the frame type); the second type helps the recédvepidly characterise the basic TX parameters.

. The S1 field: Preamble Format

The preamble format is carried in the S1 fieldhaf P1 symbol. It identifies the format of the Bghbol(s)
that take part of the preamble.
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Table 17: S1 Field

Si1 Preamble Format / Description
P2 Type

000 T2_SISO The preamble is a T2 preamble and the P2
part is transmitted in its SISO format

001 T2_MISO The preamble is a T2 preamble and the P2
part is transmitted in its MISO format

010 Reserved for future These combinations may be used for future

011 use systems, including a system containg both

100 T2-frames and FEF parts, as well as future

101 systems not defined in the present

110 document

111

. The S2 field 1: Complementary information

TM 3980 Rev. 5

When the preamble format is of the type T2 (eiff@rMISO or T2_SISO), the first 3 bits of the S&di
(referred to as S2 field 1) indicate the FFT si#aen the S1 field is equal to one of the valuesrresi for
future use, the value of the S2 field 1 shall dlsweserved for future use.

The use of the bits of the S2 field 1 are desdribheTable 18.

Table 18: S2 Field 1 (for T2 preamble types, S1=00X )

S1 S2 FFT size Description
00X 000X FFT Size: 2K Indicates the FFT size of the symbol in the T2
00X 001X FFT Size: 8K frame
00X 010X FFT Size: 4K
00X 011X FFT Size: 1K
00X 100X FFT Size: 16K
00X 101X FFT Size: 32K
00X 110X Reserved for future |-

use
00X 111X Reserved for future |-
use

. The S2 field 2: 'Mixed' bit

This bit indicates whether the preambles are dhefsame type or not. The bit is valid for allues of S1. The
meaning of this bit is given in Table 19

Table 19: S2 field 2
S1 S2 Meaning Description
XXX XXX0 Not mixed All preambles in the current transmission are
of the same type as this preamble.
XXX XXX1 Mixed Preambles of different types are transmitted

including at least one T2 preamble (S1 field =
00x) in every super-frame.

The modulation and construction of the P1 symbdeiscribed in clause 9.8.
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Figure 24 illustrates the signalling fields of ttike pre-signalling, followed by the detailed definit of each field.

TYPE

(8 bits)
BWT_EXT (1 bit)
S1 (3 bits)
S2 (4 bits)
L1_REPETITION_FLAG (1 bit)
GUARD_INTERVAL (3 bits)
PAPR (4 bits)
L1_MOD (4 bits)
L1_CoD (2 bits)
L1_FEC_TYPE (2 bits)
L1_POST_SIZE (18 bits)
L1_POST_INFO_SIZE (18 bits)
PILOT_PATTERN (4 bits)
TX_ID_AVAILABILITY (8 bits)
CELL_ID (16 bits)
NETWORK_ID (16 bits)
T2 _SYSTEM_ID (16 bits)
NUM_T2_FRAMES (8 bits)
NUM_DATA_SYMBOLS (12 bits)
REGEN_FLAG (3 bits)
L1_POST_EXTENSION (1 bit)
NUM_RF (3 bits)
CURRENT_RF_IDX (3 bits)
RESERVED (10 bits)
CRC_32 (32 bits)

Figure 25: The signalling fields of L1 pre-signalli

ng

TYPE: This 8-bit field indicates the types of the Tx ihgtreams carried within the current T2 superfrafime

mapping of different types is given in Table 20.

Table 20: The mapping of Tx input stream types

Value type
0x00 Transport Stream (TS) [1] only
0x01 Generic Stream (GSE [2] and/or GFPS
and/or GCS) but not TS
0x02 Both TS and Generic Stream (i.e. TS and
at least one of GSE, GFPS, GCS)
0x03 to OxFF Reserved for future use

REGEN_FLAG: This 3-bit field indicates how many times the DUR-signal has been re-generated. Value ‘000
indicates that no regeneration has been done. titaetthe DVB-T2 signal is regenerated this fieldhisreased by one.

L1 REPETITION_FLAG: This 1-bit flag indicates whether the dynamic Idstesignalling is provided also for the
next frame. If this field is set to value 1", tynamic signalling shall be also provided for tlestrframe within this
frame. When this field is set to value '0', dynasignalling shall not be provided for the next feamithin this frame.
If dynamic signalling is provided for the next frarwithin this frame, it shall follow immediatelytef the dynamic
signalling of the current frame, see clause 7.2.3.3
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PAPR: This 4-bit field describes what kind of PAPR retilurtis used, if any. The values shall be signadlecbrding
to Table 21.

Table 21: Signalling format for PAPR reduction

Value constellation
0000 No PAPR reduction is used
0001 ACE-PAPR only is used
0010 TR-PAPR only is used
0011 Both ACE and TR are used
0100to 1111 Reserved for future use

L1 COD: This 2-bit field describes the coding of the Lpsignalling data block. The coding values shall b
signalled according to Table 22.

Table 22: Signalling format for the code rates

Value Code rate
00 1/2
01to 11 Reserved for future use

L1 MOD: This 4-bit field indicates the constellation of itk post-signalling data block. The constellati@hues shall
be signalled according to Table 23.

Table 23: Signalling format for the constellations

Value constellation
0000 BPSK
0001 QPSK
0010 16-QAM
0011 64-QAM
0100 to 1111 Reserved for future use

L1 FEC_TYPE: This 2-bit field indicates the type of the L1 FE&ed for the L1 post-signalling data block. The
L1_FEC_TYPE shall be signalled according to Talde 2

Table 24: Signalling format for the L1 FEC type

Value L1 FEC type
00 LDPC 16K
01to11 Reserved for future use

L1 POST_SIZE: This 18-bit field indicates the size of the coded anodulated L1 post-signalling data block, in
OFDM cells.

L1 POST_INFO_SIZE: This 18-hit field indicates the size of the infation part of the L1 post-signalling data
block, in bits, including the extension field, ifggent, but excluding the CRC. The valuekofs; ex padS€€ Clause
5.8.2.2.3.2) may be calculated by adding 32 (thgtteof the CRC) to L1_POST_INFO_SIZE. This is show
Figure 26.

L1
padding

Configurable Dynamic Extension |CRC

L1_POST_INFO_SIZE

Figure 26: The size indicated by the L1_POST_INFO_S IZE field
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L1 POST_EXTENSION: This 1-bit field indicates the presence of the loktpextension field (see clause 7.2.3.4).
When the extension field is present in the L1-pitss, bit shall be set to a 1, otherwise it shalkbt to a 0.

BWT_EXT: This 1-bit field indicates whether the extendedieamode is used in the case of 8K, 16K and 3BK F
sizes. When this field is set to 1, the extenckdier mode is used. If this field is set totl®& normal carrier mode is
used. See clause 9.5.

TX_ID_AVAILABILITY: This 8-hit field is used to signal the availalyildf transmitter identification signals within
the current geographic cell. When no transmittentiication signals are used this field is seD*600. All other bit
combinations are reserved for future use.

CELL_ID: This is a 16-bit field which uniquely identifiesggaographic cell in a DVB-T2 network. A DVB-T2 cell
coverage area may consist of one or more frequend@ending on the number of frequencies usedizsystem. If
the provision of the CELL_ID is not foreseen, tfiedd shall be set to '0".

NETWORK_ID: This is a 16-bit field which uniquely identifidset current DVB-T2 network.
T2_SYSTEM_ID: This 16-bit field uniquely identifies a T2 systevithin the DVB-T2 network.

NUM_RF: This 3-bit field indicated\grr, the number of frequencies in the current T2 systEhe frequencies are listed
within the configurable parameters of the L1 paghalling.

CURRENT_RF_IDX: If the TFS mode is supported, this 3-bit fieldigades the index of the current RF channel
within its TFS structure, between 0 and NUM_RFrlcdse the TFS mode is not supported, this fiedetiigo '0'".

PILOT_PATTERN: This 4-bit field indicates the scattered pilottpat used for the data OFDM symbols. Each pilot
pattern is defined by the, andD, spacing parameters (see clause 9.2.3). The usegagitern is signalled according
to Table 25.

Table 25: Signalling format for the pilot pattern

Value Pilot pattern type
0000 PP1
0001 PP2
0010 PP3
0011 PP4
0100 PP5
0101 PP6
0110 PP7
0111 PP8
1000to 1111 Reserved for future use

NUM_DATA_SYMBOLS: This 12-bit field indicatekgai= Le — Np2, the number of data OFDM symbols per T2-
frame, excluding P1 and P2. The minimum value oMNDATA_SYMBOLS is defined in clause 8.3.1.

NUM_T2 FRAMES: This 8-bit field indicate®Nr,, the number of T2-frames per superframe.

S1: This 3-hit field has the same value as in the Baadling

S2: This 4-hit field has the same value as in the Badling

GUARD_INTERVAL: This 3-bit field indicates the guard interval oétburrent super-frame, according to Table 26.

Table 26: Signalling format for the guard interval

Value Guard interval fraction

000 1/32

001 1/16

010 1/8

011 1/4

100 1/128

101 19/128

110 19/256

111 Reserved for future use
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RESERVED: This 10-bit field is reserved for future use.

CRC-32: This 32-bit error detection code is applied toehtre L1 pre-signalling. The CRC-32 code is defiire
annex F.

7.2.3 L1 post-signalling data

The L1 post-signalling contains parameters whidvipie sufficient information for the receiver tocdee the desired
physical layer pipes. The L1 post-signalling furtbensists of two types of parameters, configurable dynamic, plus
an optional extension field. The configurable pagters shall always remain the same for the duratiame
superframe, whilst the dynamic parameters provifterination which is specific for the current T2+fre. The values
of the dynamic parameters may change during thatidarof one superframe, while the size of eadd Bball remain
the same.

7.2.3.1 Configurable L1 post-signalling

Figure 27 illustrates the signalling fields of t@nfigurable L1 post-signalling, followed by thetaiéed definition of
each field.
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e - padding
Configurable | Dynamic | Extension | CRC i
SUB_SLICES_PER_FRAME (15 bits)
NUM_PLP (8 bits)
NUM_AUX (4 bits)
AUX_CONFIG_RFU (8 bits)
for i=0..NUM_RF-1 {
RF_IDX (3 bits)
FREQUENCY (32 bits)
}
IF S2 =="xxx1"{
FEF_TYPE (4 bits)
FEF_LENGTH (22 bits)
FEF_INTERVAL (8 bits)
}
fori=0.NUM_PLP-1{
PLP_ID (8 bits)
PLP_TYPE (3 bits)
PLP_PAYLOAD_TYPE (5 bits)
FF_FLAG (1 bit)
FIRST_RF_IDX (3 bits)
FIRST_FRAME_IDX (8 bits)
PLP_GROUP_ID (8 bits)
PLP_COD (3 bits)
PLP_MOD (3 bits)
PLP_ROTATION (1 bit)
PLP_FEC_TYPE (2 bits)
PLP_NUM_BLOCKS_MAX (10 bits)
FRAME_INTERVAL (8 bits)
TIME_IL_LENGTH (8 bits)
TIME_IL_TYPE (1 bit)
IN_BAND_FLAG (1 bit)
RESERVED_1 (16 bits)
}
RESERVED_2 (32 bits)
for i=0..NUM_AUX-1 {
AUX_RFU (32 bits)
}

Figure 27: The signalling fields of configurable L1 post-signalling

SUB_SLICES PER_FRAME: This 15-bit field indicateblsyssices_oaithe total number of sub-slices for the type Zdat
PLPs across all RF channels in one T2-frame. WHe$i$ used, this is equal 8, psiceXNrr, i.€. the number of sub-
slices in each RF channel multiplied by the nunaféRF channels. When TFS is not usgsices_totam Nsubsiices If

there are no type 2 PLPs, this field shall bes&it Allowable values of this field are listed in AemK.

NUM _PLP: This 8-bit field indicates the number of PLPs watwithin the current super-frame. The minimunueal
of this field shall be '1".

NUM_AUX: This 4-bit field indicates the number of auxilistyeams. Zero means no auxiliary streams are ased,
clause 5.8.6 shall be ignored.

DVB BlueBook A122



57 TM 3980 Rev. 5
AUX_CONFIG_RFU: This 8-hit field is reserved for future use.

The following fields appear in the frequency loop:

RF_IDX: This 3-hit field indicates the index of each FREENCLY listed within this loop. The RF_IDX value is
allocated a unique value between 0 and NUM_RF-tase the TFS mode is supported, this field indictte
order of each frequency within the TFS configuratio

FREQUENCY: This 32-hit field indicates the centre frequencyinof the RF channel whose index is RF_IDX .
The order of the frequencies within the TFS corigjon is indicated by the RF_IDX.

NOTE: The FREQUENCY fields can be used by a recdivassist in finding the signals which form atpzir
the TFS system. Since the value will usually beaset main transmitter but not modified at a trassp,
the accuracy of this field shall not be relied upon

The following fields appear only if the LSB of tB2 field is "1’ (i.e. S2="xxx1"):

FEF_TYPE: This 4-bit field shall indicate the type of the @sated FEF part. The FEF types are signalled
according to Table 27.

Table 27: Signalling format for the FEF type

Value FEF type
0000 to 1111 Reserved for future use

FEF_LENGTH: This 22-bit field indicates the length of the asaterd FEF part as the number of elementary
periods T (see clause 9.5), from the start of theynbol of the FEF part to the start of the P1lsyimf the next
T2-frame.

FEF_INTERVAL: This 8-hit field indicates the number of T2-frantesween two FEF parts (see Figure 35). The
T2-frame shall always be the first frame in a TRestrame which contains both FEF parts and T2-feame

The following fields appear in the PLP loop:
PLP_ID: This 8-bit field identifies uniquely a PLP withihe T2 system.

PLP_TYPE: This 3-hit field indicates the type of the asstamiaPLP. PLP_TYPE shall be signalled according to
Table 28.

Table 28: Signalling format for the PLP_TYPE field

Value Type
000 Common PLP
001 Data PLP Type 1
010 Data PLP Type 2
011 to 111 Reserved for future use

If value of the PLP_TYPE field is one of the valueserved for future use, the total number ofibithe PLP loop
shall be the same as for the other types, but #anings of the fields other than PLP_ID and PLP_H¢Rall be
reserved for future use and shall be ignored.

PLP_PAYLOAD_TYPE: This 5-bit field indicates the type of the paylatata carried by the associated PLP.
PLP_PAYLOAD_TYPE shall be signalled according td®lEa29. See clause 5.1.1 for more information.

Table 29: Signalling format for the PLP_PAYLOAD_TYP E field

Value Payload type
00000 GFPS
00001 GCS
00010 GSE
00011 TS
00100 to 11111 Reserved for future use
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FF_FLAG: This flag is set to "1"if a PLP of type 1 in aSI&ystem occurs on the same RF channel in each T2-

frame. This flag is set to '0' if inter-frame TFSapplied as described in annex E. When TFS isised, or when
TFS is used but PLP_TYPE is not equal to '001s field shall be set to 0 and has no meaning.

FIRST_RF_IDX: This 3-bit field indicates on which RF channeypet 1 data PLP occurs in the first frame of a
super frame in a TFS system. If FF_FLAG = '1',ftblg indicates the RF channel the PLP occurs aevary T2-
frame. When TFS is not used, or when TFS is use®bl_TYPE is not equal to '001', this field shulset to 0
and has no meaning.

FIRST_FRAME_IDX: This 8-hit field indicates the IDX of the first free of the superframe in which the current
PLP occurs. The value of FIRST_FRAME_IDX shall bsdl than the value of FRAME_INTERVAL.

PLP_GROUP_ID: This 8-bit field identifies with which PLP grouptiin the T2 system the current PLP is
associated. This can be used by a receiver tdHimklata PLP to its associated common PLP, whittthaie the
same PLP_GROUP_ID.

PLP_COD: This 3-hit field indicates the code rate used leydhsociated PLP. The code rate shall be signalled
according to Table 30 for PLP_FEC_TYPE=00 and 01.

Table 30: Signalling format for the code rates for PLP_FEC_TYPE=00 and 01

Value Code rate (see note)
000 1/2
001 3/5
010 2/3
011 3/4
100 4/5
101 5/6
110, 111 Reserved for future use

PLP_MOD: This 3-hit field indicates the modulation usedtly associated PLP. The modulation shall be sigghall
according to Table 31.

Table 31: Signalling format for the modulation

Value Modulation
000 QPSK
001 16-QAM
010 64-QAM
011 256-QAM
100 to 111 Reserved for future use

PLP_ROTATION: This 1-hit flag indicates whether constellatiotatmn is in use or not by the associated PLP.
When this field is set to the value 1, rotatisrused. The value '0' indicates that the rotasarot used.

PLP_FEC_TYPE: This 2-bit field indicates the FEC type used bydksociated PLP. The FEC types are signalled
according to Table 32.

Table 32: Signalling format for the PLP FEC type

Value PLP FEC type
00 16K LDPC
01 64K LDPC
10, 11 Reserved for future use

PLP_NUM_BLOCKS MAX: This 10-hit field indicates the maximum value @A? NUM_BLOCKS (see below)
for this PLP.

FRAME_INTERVAL: This 8-hit field indicates the T2-frame intervhj ) within the super-frame for the
associated PLP. For PLPs which do not appear iry éname of the super-frame, the value of thisdfighall equal
the interval between successive frames. For exaifipld®’LP appears on frames 1, 4, 7 etc, thid fi@uld be set
to '3". For PLPs which appear in every frame, fibid shall be set to '1'. For further details, skeise 8.2.
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TIME_IL_LENGTH: The use of this 8-bit field is determined by th&uea set within the TIME_IL_TYPE -field
as follows:

. If the TIME_INTERLEAVING_TYPE is set to the valug,'this field shall indicat®,, the number of T2-
frames to which each Interleaving Frame is mapped,there shall be one TI-block per Interleavinanke
(N'n:l).

. If the TIME_INTERLEAVING_TYPE is set to the valug','this field shall indicatdly,, the number of TI-
blocks per Interleaving Frame, and there shallrgloterleaving Frame per T2-franfg<1).

If there is one TI block per Interleaving Frame ane T2-frame per Interleaving Frame, TIME_IL_LEN&%hall
be set to the value ‘1’ and TIME_IL_TYPE shall It t ‘0’. If time interleaving is not used for tRLPs of the
associated PLP group, the TIME_IL_LENGTH-field $td set to the value '0' and TIME_IL_TYPE shallse¢ to
‘0.

TIME_IL_TYPE: This 1-bit field indicates the type of time-intaling. A value of '0' indicates that one
Interleaving Frame corresponds to one T2-framecanthins one or more TI-blocks. A value of '1' oades that
one Interleaving Frame is carried in more thanT®rame and contains only one TI-block.

IN-BAND_FLAG: This 1-bit field indicates whether the current Ridries in-band signalling information. When
this field is set to the value '1' associated Pafies in-band signalling information. When settte value '0', in-
band signalling information is not carried.

RESERVED_1: This 16-bit field is reserved for future use.
RESERVED_2: This 32-bit field is reserved for future use.
The following fields appear in the auxiliary streéoop:

AUX_RFU: This 32-hit field is reserved for future use fagralling auxiliary streams.

7.2.3.2 Dynamic L1 post-signalling

The dynamic L1 Post-signalling is illustrated imgytie 28, followed by the detailed definition of ledield.
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L1

; Configurable Dynamic Extension |CRC .>

'FRAME_IDX (8 bits)

SUB_SLICE_INTERVAL (22 bits)

TYPE_2_START (22 bits)

L1_CHANGE_COUNTER (8 bits)

START_RF_IDX (3 bits)

RESERVED_1 (8 bits)

for i=0.NUM_PLP-1 {

PLP_ID (8 bits)

PLP_START (22 bits)

PLP_NUM_BLOCKS (10 bits)

RESERVED_2 (8 bits)

}

RESERVED_3 (8 bits)

for i=0..NUM_AUX-1 {

AUX_RFU (48 bits)

}

Figure 28: The signalling fields of the dynamic L1 post-signalling

FRAME_IDX: This 8-bit field is the index of the current Tizé¢ine within a super-frame. The index of the firatde
of the super-frame shall be set to '0".

SUB_SLICE_INTERVAL: This 22-bit field indicates the number of OFDMIsdtom the start of one sub-slice of one
PLP to the start of the next sub-slice of the sk on the same RF channel for the next T2-framéhnext-but-

one T2-frame in the case of TFS). If the numbesuti-slices per frame equals the number of RF clsrthen the

value of this field indicates the number of OFDM<en one RF channel for the type 2 data PLPthelfe are no type

2 PLPs in the relevant T2-frame, this field shalldet to ‘0. The use of this parameter is defini#u greater detail in
clause 8.3.6.3.2.

TYPE_2 _START: This 22-bit field indicates the start position béftfirst of the type 2 PLPs using the cell addregsi
scheme defined in 8.3.6.2. If there are no typ&RsPthis field shall be set to '0'. It has the saalue on every RF
channel, and with TFS can be used to calculate wiesub-slices of a PLP are 'folded’ (see claugd 2.4).

L1 CHANGE_COUNTER: This 8-bit field indicates the number of superfemnahead where the configuration (i.e.
the contents of the fields in the L1-pre signallonghe L1-post signalling) will change. The nexpsrframe with
changes in the configuration is indicated by tHee/aignalled within this field. If this field issto the value '0', it
means that no scheduled change is foreseen. Huig. 'taindicates that there is change in the segerframe. This
counter shall always start counting down from aimim value of 2.

START_RF_IDX: This 3-hit field indicates the ID of the startifigquency of the TFS scheduled frame, for the next
T2-frame, as described in Annex E. The startingdeacy within the TFS scheduled frame may changardically.
When TFS is not used, the value of this field shalket to '0".

RESERVED_1: This 8-bit field is reserved for future use.
The following fields appear in the PLP loop:
PLP_ID: This 8-bit field identifies uniquely a PLP withihe T2 system.
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If the PLP_ID corresponds to a PLP whose PLP_TY$@he of the values reserved for future use, ttad nomber
of bits in the PLP loop shall be the same as ferather types, but the meanings of the fields dtean PLP_ID
shall be reserved for future use and shall be &ghor

PLP_START: This 22-bit field indicates the start position leétassociated PLP within the current T2-frame (the
next T2-frame in the case of TFS) using the calressing scheme defined in 8.3.6.2. For type 2 Ptbisrefers to
the start position of the first sub-slice of theasated PLP. The first PLP starts immediatelyrdfte L1 post-
signalling. The PLP_START of the first PLP of tmarhie shall be always set to value '0". When theentiPLP is
not mapped to the current T2-frame, or when thezena FEC blocks in the current Interleaving fréforethe
current PLP, this field shall be set to '0".

PLP_NUM_BL OCKS: This 10-hit field indicates the number of FEC bledontained in the current Interleaving
Frame for the current PLP (in the case of TFS,rifers to the Interleaving Frame which is mappethé next
T2-frame). It shall have the same value for evetyframe to which the Interleaving Frame is mapten the
current PLP is not mapped to the current T2-fraoneh(e next T2-frame in the case of TFS), thigifighall be set to
‘0~

RESERVED_2: This 8-bit field is reserved for future use.
RESERVED_3: This 8-bit field is reserved for future use.
The following field appears in the auxiliary streéoop:
AUX_RFU: This 32-hit field is reserved for future use foxdiary signalling.

The protection of L1 dynamic signalling is furtterhanced by transmitting the L1 signalling alsa fiorm of in-band
signalling, see clause 5.2.3.

7.2.3.3 Repetition of L1-post dynamic data

To obtain increased robustness for the dynamicgfdrt -post signalling, the information may be rafesl in the
preambles of two successive T2-frames. The udeiofepetition is signalled in L1-pre parameter
L1_REPETITION_FLAG. If the flag is set to '1', dynic L1-post signalling for the current and next ff2mes are
present in the P2 symbol(s) as illustrated in Feq28. Thus, if repetition of L1-post dynamic dataised, the L1-post
signalling consists of one configurable and twoadygit parts as depicted. When TFS is used, thespdvt® shall
signal the information for the next T2-frame and tiext-but-one T2-frame respectively.

— —_—
— —_—
— —_— -
— — —
— — —

Dynamic, current| Dynamic, next

T2-frame T2-frame SO O=ie

Configurable

L1
padding

Figure 29: Repetition of L1-post dynamic informatio n

The L1 post-signalling shall not change size betwtbe frames of one super-frame. If there is ta benfiguration
change at the start of super-fraithe loops of both parts of the dynamic informatid the last T2-frame of super-
framej-1 shall contain only the PLPs and AUXILIARY_STREANresent in super-franid. If a PLP or
AUXILIARY_STREAM is not present in super-franjethe fields of the relevant loop shall be se@tin' super-frame
j-1.
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EXAMPLE: Super-frame 7 contains 4 PLPs, with PLPs @) 1, 2 and 3. A configuration change means that
super-frame 8 will contain PLP_IDs 0, 1, 3 and.é.(PLP_ID 2 is to be dropped and replaced by
PLP_ID 4). The last T2-frame of super-frame 7 corstacurrent frame' and 'next frame' dynamic
information where the PLP loop signals PLP_IDs,® &nd 3 in both cases, even though this is
not the correct set of PLP_IDs for the next framehis case the receiver will need to read all of
the new configuration information at the startha hew super-frame.

7.2.3.4 L1-post extension field

The L1-post extension field allows for the poséipilor future expansion of the L1 signalling. fisesence is indicated
by the L1-pre field L1_POST_EXTENSION. Receivers aware of the meaning of this field shall igndsedontents.

7.2.3.5 CRC for the L1-post signalling

A 32-bit error detection code is applied to the eritit post-signalling including the configurableg ttiynamic for the
current T2-frame, the dynamic for the next T2-fraffipresent, and the L1-post extension field régent. The location
of the CRC field can be found from the length & thi-post, which is signalled by L1_POST_INFO_SIZBEe
CRC-32 is defined in annex F.

7.2.3.6 L1 padding

This variable-length field is inserted followingeth1-post CRC field to ensure that multiple LDPGdiis of the L1
post-signalling have the same information size wherL1 post-signalling is segmented into multiglecks and these
blocks are separately encoded. Details of how terdene the length of this field are describedlause 7.3.1.2. The
values of the L1 padding bits, if any, are set.to O

7.3 Modulation and error correction coding of the L1 data

7.3.1 Overview

7.3.1.1 Error correction coding and modulation of the L1 pre-signalling

The L1 pre-signalling is protected by a concatematif BCH outer code and LDPC inner code. The letgignalling
bits have a fixed length and they shall be firstB&hcoded, where the BCH parity check bits of tteegignalling

shall be appended to the pre-signalling. The cemeaed L1-pre-signalling and BCH parity check bits further
protected by a shortened and punctured 16K LDP@ wugith code rate 1/4\,=16200). Note that effective code rate
of the 16K LDPC code with code rate 1/4 is 1/5, rehtbe effective code rate is defined as the infion length over
the encoder output length. Details of how to shmated puncture the 16K LDPC code are describethirses 7.3.2.1,
7.3.2.4 and 7.3.2.5. Note that an input parameted for defining the shortening operatitigq shall be 200, equivalent
to the information length of the pre-signallifgy.. An input parameter used for defining the pundgioperation,

Npunc Shall be as follows:

Npunc = (Kbch - Ksig)x[% _]} :11488

ff

whereK,, denotes the number of BCH information bits, 3 Gf#]R.; denotes the effective LDPC code rate 1/5 for L1
pre-signalling. Note tha¥luncindicates the number of LDPC parity bits to beqtured.

After the shortening and puncturing, the encodésldfithe L1 pre-signalling shall be mapped to
(Koo +N

1
sig beh_ parity)x g =1840 BPSK symbols whery_paritydenotes the number of BCH parity bits, 168 for
ff

16K LDPC codes. Finally, the BPSK symbols are mdgpeOFDM cells as described in clause 7.3.3.
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7.3.1.2 Error correction coding and modulation of the L1-post signalling

The number of L1-post signalling bits is variakdad the bits shall be transmitted over one or pieltl6K LDPC
blocks depending on the length of the L1-post sigita The number of LDPC blocks for the L1-pogyrsalling,
Npost_rec_socashall be determined as follows:

N _ K post_ ex_ pad
post_ FEC_ Block — K !
bch

Where|_x-| means the smallest integer larger than or equalKkg., is 7 032 for the 16K LDPC code with code rate 1/2

(effective code rate is 4/9), agos: ex padWhich can be found by adding 32 to the parametePOST_INFO_SIZE,
denotes the number of information bits of the LEtmignalling excluding the padding field, L1_PADB (see clause
7.2.3.). Then, the length of L1_PADDING field.1_paooingShall be calculated as:

K

_ post_ex_pad
KL1_PADDING - N XN

K

post FEC_ Block post ex pe

post_ FEC_ Block

The final length of the whole L1-post signallinglinding the padding fieldy.s: Shall be set as follows:

Kpost: K post ex pa&l- K 1 PADDIN*

The number of information bits in eachMyos: rFec_siocblocks Ksig is then defined by

K. = K post .

sig N

post_ FEC_ Block

Each block with information size &4 is protected by a concatenation of BCH outer caaesLDPC inner codes.
Each block shall be first BCH-encoded, whereNiis, parity (= 168) BCH parity check bits shall be appended to
information bits of each block. The concatenatddrmation bits of each block and BCH parity cheik bre further
protected by a shortened and punctured 16K LDP@ watth code rate 1/2 (effective code rate of thk LBPC with
code rate 1/2Res 16x_Lppc_1_4S 4/9). Details of how to shorten and punctuseBK LDPC code are described in
clauses 7.3.2.1, 7.3.2.4 and 7.3.2.5.

For a giverKgy and modulation order (BPSK, QPSK, 16-QAM, or 64MDare used for the L1 post-signallin®sunc
shall be determined by the following steps:

punc_temp ™

Step )N —Lgx(Km—K JJ

where the operatioDxJ means the largest integer less than or equal to

This makes sure that the effective LDPC code ratleeoL1 post-signallingRes postiS always lower than or equal to
Rett 16k_Lorc_1_4= 4/9). FurthermoreRes positends to decrease as the information lekgihdecreases.

Step 2)N post_temp = Ksig + Nbch_ parity + Nldpc X (L~ Regf _1eK _ LDPC_1_2) -N punc_temp

For the 16K LDPC code with effective code rate 4y . x (L~ Reft 16 _LpPC_1_2) = 9000:

N
If Np, =1, ’7 s temp—‘ X 2 vop
Step3)Ny = 2vop

post —

. N post_ temp
Otherwise, | —"="" [Xflyop*Np, ,
M

,7 ODXNPZ

wheresnyop denotes the modulation order and it is 1, 2, 4,&for BPSK, QPSK, 16QAM, and 64QAM, respectively,
andNp; is the number of P2 symbols of a given FFT sizehasvn in Table 45 in clause 8.3.2.
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This step guarantees théi.s:is a multiple of the number of columns of theibterleaver (described in clause 7.3.2.6)
and thalNpoes! 7\op iS @ multipleNp,.

Step 4) N punc = N punc_ temp_ ( N post_ N post ter)u'

Npost Means the number of the encoded bits for eachnivafiion block. After the shortening and puncturiting

N
encoded bits of each block shall be mappeNig,, per_Block — —post

MOD

modulated symbols. The total number of the

modulation symbols dflpes_rec_siocIOCKS, Nyyop rotar 1S Nyop ot = Nwop_ per siock® N post Fec Bloc

Note that L1_POST_SIZE (a pre-signalling field)Isbe set toN, ;o5 1o -

When 16-QAM or 64-QAM is used, a bit interleaviritah be applied across each LDPC block. Detailsosf to
interleave the encoded bits are described in cla®s2.6. When BPSK or QPSK is used, bit interlegghall not be
applied. Demultiplexing is then performed as déetiin 7.3.3.1. The demultiplexer output is theppeal to either
BPSK, QPSK, 16-QAM, or 64-QAM constellation, asatésed in clause 6.2.2

Finally, the modulation symbols are then mappechtoers as described in clause 8.3.5.

7.3.2 FEC Encoding

7.3.2.1 Zero padding of BCH information bits

Ksig bits defined in clauses 7.3.1.1 and 7.3.1.2 $leaéincoded into a 16W(,=16 200) LDPC codeword after BCH
encoding.

If the Kiq is less than the number of BCH information bit«(z,) for a given code rate, the BCH code will be
shortened. A part of the information bits of the<1DPC code shall be padded with zeros in ordéiltd<y, .,
information bits. The padding bits shall not bensmitted.

All K, BCH information bits, denoted byrg, m, ..., m(mh-l}' are divided intoNgroup (= Kigpd/360) groups as follows:

. k :
X; :{mk‘l =L%J’OS k< Kbch} for 0< | < Nyroup:

whereX; represents thigh bit group. The code parametesd, Kigpo) are given in Table 33 for L1-pre and L1-post.

Table 33: Code parameters (K uen, Kigee) for L1-pre and L1-post

Kbeh Kidpe
L1-pre signalling 3072 3240
L1-post signalling 7 032 7 200

ForO0< j< Ngroup = 2> each bit groupX has 360 bits and the last bit groxg, _, has 360 -Kpc - Koen)=192 bits,
group
as illustrated in Figure 30.
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Npeh = Kigpe LDPC Information bits

A
\

Kyen BCH Information bits

A

[

Oth 1 * 2nd (Ngroup - 2)th (Ngroup -1 )th §
Bit Group Bit Group Bit Group T Bit Group Bit Group ﬁ LDPCFEC
e -
360 360 - (I<1dpc - Kbch)

Figure 30: Format of data after LDPC encoding of L1 signalling

For the giverKgg, the number of zero-padding bits is calculate(kas, - Ksig). Then, the shortening procedure is as
follows:

Step 1) Compute the number of groups in whichhalliits shall be paddeN,,q such that:

If 0<Kg, <360, N ug = Nyoup—1

sig —

Koen — Ky
OtherwiseN 4 =| —<>—=9
360
Step 2) FoNpaa groups X o) » Xy qyr - Ky mety X, » @l information bits of the groups  shall be pedd

with zeros. Here/Zg is a permutation operator depending on the cdeearad modulation order, described in Table 34

and Table 35.
Step 3) IfN g = Ngioyp —1, (360-K,

additionally padded. Otherwise, for the grod, (- (Kbch -K

) information bits in the last part of the bit grouf,. ) shall be
grou

iy —360x Npad) information bits in the last part

S|

of an(Npad) shall be additionally padded.

Step 4) FinallyKsg information bits are sequentially mapped to biipons which are not paddedki.,, BCH
information bits, fry, my, ..., rrp(bch_l}by the above procedure.

EXAMPLE: Suppose for example the valugqf is 1172 and,, is 3072. In this case, from step (1), 5

groups would have all zero padded bits, and frap &) these groups would be those with
numbers 7, 3, 6, 5, 2. From step (3), an additi@6al bits would be zero padded in group 4.
Finally from step (4) the 1172 bits would be mappeduentially to groups 0, 1 (360 bits each),
the first part of group 4 (260 bits) and group 82 bits). Figure 31 illustrates the shorteninghef t
BCH information part in this case, i.e., filling Bidnformation bit positions not zero padded with
Ksig information bits.

Kpen BCH Information bits

[
—

A

Bit Group | Bit Group %%%% BitGr GrEEJILp ﬁ
P a— —_—
Ksig information bits V % Zero padded bits e Maptgiré%c: iﬁ?g:ggg?ﬁgg?tbits

Figure 31: Example of Shortening of BCH information part
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Table 34: Permutation sequence of information bit g roup to be padded for L1-pre signalling

Modulation N 715(J) (0 << Ngroup)

group
and Code rate 0 | mQ | =@ [ =@ | =@ | mG) [ m®) [ =) | mE©)
BPSK | 1/4 9 7 3 6 5 2 4 1 8 0

Table 35: Permutation sequence of information bit g roup to be padded for L1-post signalling

77,(j) (0 <j <Ngroup)

Modulation
and Code rate Norowp | 775(0) | 755(1) | 775(2) | 7%(3) | 755(4) | 7&(5) | 725(6) | 75(7) | 7%(8) | 7%5(9)
7,(10) | 7,01 | 7,02) | m,(13) | m(14) | m,15) | m,16) | 7. 07) | m(18) | m(19)
BPSK 1/2 20 18 17 16 15 14 13 12 11 4 10
/ QPSK 9 8 3 2 7 6 5 1 19 0
18 17 16 15 14 13 12 11 4 10
16QAM 12 20 9 8 7 3 2 1 6 5 19 0
18 17 16 4 15 14 13 12 3 11
64QAM 12 20 10 9 2 8 7 1 6 5 19 0
7.3.2.2 BCH encoding

The Kyen information bits (including th&y, - Ksg zero padding bits) shall first be BCH encoded atiog to clause
6.1.1 to generatiyqn, = Kigpe OUtpUL bits i... iNbch'l)'

7.3.2.3 LDPC encoding

The Nper=Kigpe OUtput bits iG. .. iNbch'l) from the BCH encoder, including thi€{, - Ksig) zero padding bits and thi{,.
- Kper) BCH parity bits form thé g information bitsl = (i, iy, ... iKm,m-l) for the LDPC encoder. The LDPC encoder
shall systematically encode tHg, information bits onto a codewortl of SizeNp:

A =(io i1y -en i k 1) according to clause 6.1.2.

Idpc” "Mdpc

1, Pos P1s -+ PN

Idpc™

7.3.2.4 Puncturing of LDPC parity bits

When the shortening is applied to encoding of theadling bits, some LDPC parity bits shall be pumed after the
LDPC encoding. These punctured bits shall not dresmitted.

All Nigpc - Kigpe LDPC parity bits, denoted by{, p, ..., Ry, Kmm-l}' are divided intdQyqp parity groups where each
parity group is formed from a sub-set of ﬂquc - Kigpc LDPC parity bits as follows:

Pj :{ pk‘ kmodg=j,0sk< Nldpc_KIdpc} for 0<j<q,

whereP; represents thigh parity group an@y,. is given in Table 7b. Each group hm,-,dg,c- K|dpc)/Q|dpC = 360 bits, as
illustrated in Figure 32.

(Nldpc — Kldpc) LDPC par lty bits

LDPC InfOITnaﬁon Qldpc Qldpc Qldpc Qldpc
“«— e P P> -
BCH Information | BCHFEC - = o=
Ist parity group 2nd parity group e

Figure 32: Parity bit groups in an FEC block

DVB BlueBook A122



67 TM 3980 Rev. 5
For the number of parity bits to be puncturlgli.c given in clauses 7.3.1.1 and 7.3.1.2.

Step 1) Compute the number of groups in which aiity bits shall be puncturedlync_groupsSuch that:

N = —N P 1 for 0O< N <N,.—-K
punc_groups — 360 orUs punc ldpc ldpc*
Step 2) FoNpunc_groupsparity bit groupsP”P(o) , Pﬂp(l), Pnp(Npumfgmups—l)' all parity bits of the groups shall be

punctured. Here/T, is a permutation operator depending on the cagearad modulation order, described in Table 36
and Table 37.

Step 3) For the grou, (., (N ounc ~ 360%N puncigroups) parity bits in the first part of the group shall b

additionally punctured.

Table 36: Permutation sequence of parity grouptob e punctured for L1-pre signalling

_ Order of parity group to be punctured, {  77,(]), 05 < Qupc = 36}
Modulation

and Code rate | 70| 70| 7Q)| 7@ | 7@ 76)| 76| =0 70| 79| 9| Y| 7£02)] %3] B4 705 7£08)] 77
75(18)| 75(19)| 75(20)) 75(20)| 75(22)| 76(23) 76(28) 75(25) 76(26) 73(27)) 75(28)) 7(29)| 75(30)| 7R(3D)| 75(32)| 7H(33)] 7(34) 73(30)

27 1131 29 | 32| 5 0O |11 ] 21| 33| 20| 25| 28| 18| 35| 8 3 9 | 31
22 | 24| 7 | 14|17 ] 4 2 126|116 3419 10| 12| 23| 1 6 | 30 ] 15

BPSK | 1/4

Table 37: Permutation sequence of parity grouptob e punctured for L1-post signalling

Order of parity group to be punctured, {  77,(]), 0$j < Qupc = 25}

Modulation
and Code rate 7O | 70| 7@ | 7S | 7@ | O | 7O | O | 7O 7O | 719 |z 7712
@3 | 74| 7@ | 76 | L) | 718 | 7 | B | B | D) | BD) |HA -
BPSK 1o 6 4 18 9 13 8 15 20 5 17 2 |24 10
/ QPSK 22 12 3 16 23 1 14 0 21 19 7 |11 -
6 4 13 9 18 8 15 20 5 17 2 |22 24
16QAM | 172 7 12 1 16 23 14 0 21 10 19 11 | 3 -
6 15 13 10 3 17 21 8 5 19 2 | 23] 16
64QAM | 172 =27 7 18 1 12 20 0 4 14 9 11 | 22 -
7.3.2.5 Removal of zero padding bits

The KyerrKsig) Zzero padding bits are removed and shall notdrestnitted. This leaves a word consisting ofkhg
information bits, followed by the 168 BCH parityt$and Nepe-Kigpe - Nound LDPC parity bits.

7.3.2.6 Bit interleaving for L1 post-signalling

When 16-QAM or 64-QAM modulation is used for the fhdst-signalling, the LDPC codeword of lendths;
consisting oKgq information bits, 168 BCH parity bits, and (90089 LDPC parity bits, shall be bit-interleaved
using a block interleaver. The configuration of Hiteinterleaver for each modulation is specifiadiable 38.

Table 38: Bit Interleaver structure

Modulation and Code rate Rows Nr Columns Nc
16QAM 1/2 Npost / 8 8
64QAM 1/2 Npost / 12 12

The LDPC codeword is serially written into the i¢éaver column-wise, and serially read out row-wibe MSB of
the post signalling is read out first) as showFigure 33.

When BPSK or QPSK is used, bit interleaving shatllve applied.
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MSB
WRITE of the”post READ
=== reaore == s|+gﬁ1a Ing
g b N -
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() 1 1 1 1 1 | -
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[0 - T I ] lod--1""
1T H | I T T, >
Lol bl v Ll ] L L LI L L
Row (Npost/ 8) i_j i-.: t-.: ] v
Column 1 Column 8

Figure 33: Bit Interleaving scheme for L1-post (16Q  AM)

7.3.3 Mapping bits onto constellations

Each bit-interleaved LDPC codeword shall be mapped constellations. Each bit of the L1 pre-signglis mapped
directly into a BPSK constellation according touda 7.3.3.2, whereas the L1 post-signalling i$ diesnultiplexed into
cell words according to clause 7.3.3.1 and thercétlavords are mapped into constellations accorttn?.3.3.2.

7.3.3.1 Demultiplexing of L1 post-signalling

Each bit-interleaved punctured and shortened LD&{eword, a sequence Nfos bits, V = (VO--VN _1),Where
post

Npost = Ksig + 168 + 9000 N,ne shall be mapped onto constellations by first detipiexing the input bits into parallel
cell words and then mapping these cell words intestellation values. The number of output datasaeid the
effective number of bits per celjy,qop are defined by Table 39.

The input bit-streanay; is demultiplexed intdspsyreamsSub-streamb, 4, as shown in Figure 14 in clause 6.2.1. The
value ofNsypsreamdS defined in Table 39. Details of demultiplexiang described in clause 6.2.1. For QPSK, 16QAM,
and 64QAM, the parameters for de-multiplexing @ to cells are the same as those of Table 12ause6.2.1. For
BPSK, the input number and the output bit-numberCarand in this case the demultiplexing has neceff

Table 39: Parameters for bit-mapping into constella  tions

Modulation mode Moo Number of output data cells per Number of sub -streams,
codeword Nsubstreams
BPSK 1 Npost 1
QPSK 2 Npost / 2 2
16-QAM 4 Npost / 4 8
64-QAM 6 Npost / 6 12

For 16QAM and 64QAM, the output words from the dé#iplexing of width NSUbS"eams[bo’do'b\‘substream'sl’dqll are split
into two words of width7psop =Nsubstreamd 2 [Yo.2do- Yimogh: 24d and fyo. 2do+2- Yy, dl,2do+]] as described in clause 6.2.1.
For BPSK and QPSK, the output words are fed diyeotthe constellation mapper, 3 Yo dl,dq] =

[bo,do-b\l

substream'sl’do]'
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7.3.3.2 Mapping into I/Q constellations

The bits of the L1 pre-signalling, and the cell words of the L1 post-signallirygq[.y,,modl,q] are mapped into

constellation$_pre, andf_pos}, respectively according to clause 6.2.2, witgi®the index of the cells within each bit-
interleaved LDPC codeword. For the L1 pre-signgllid< g < 1840, and for the L1 post-signalling

0 < < Nwop_per_sock The coded and modulated cells of the L1-postadiigiy corresponding to each codeword of T2-
frame numbem are then concatenated to form a single block it$ €goost,;, wherei is the index of the cells within
the single block & i < Nwop_totar The coded and modulated cells of the L1-pre $liggefor T2-frame number m form
a single block of cellg pre,; wherei is the index of the cells within the single bldzk i < 1840. The coded and
modulated cells of the L1-pre and L1-post signgliime then mapped onto the P2 symbol(s) as deddrib®ause
8.3.5.

8 Frame Builder

This clause defines the frame builder functions thaays apply for a T2 system with a single RFet®. Some of the
frame builder functions for a TFS system with nmpi&iRF channels differ from those defined in tiéise. The TFS
specific frame builder functions are defined inexi. Other frame builder functions for a TFS systean those
specified in annex E apply as they are describedisclause.

The function of the frame builder is to assembkedalls produced by the time interleavers for egfiche PLPs and the
cells of the modulated L1 signalling data into gsraf active OFDM cells corresponding to each ef@FDM symbols
which make up the overall frame structure. The &dmilder operates according to the dynamic inféiongproduced
by the scheduler (see clause 5.2.1) and the coafign of the frame structure.

8.1 Frame structure

The T2 frame structure is shown in Figure 34. Attibp level, the frame structure consists of stpenes, which are
divided into T2-frames and these are further didideo OFDM symbols. The superframe may in additiame FEF
parts (see clause 8.4).

- Ter -

| Super Frame Super Frame Super Frame LN

- B | EE— ~o

T2-frame T2-frame T2-frame T2-frame

(XX
0 1 P | FEF part [ | FEF part
= <
/// \\\\
// S~
/// \\\\
/// \\\
// \\\

- Tp—a—Ts— -—Ts—m S~

P2 P2 Data Data Data sym.
| P | 0 see Nesl | symbol 0 | symbol 1 | eee

Figure 34: The frame structure. The super-frame con  sists of Ny, T2 frames
The T2-frame starts with one P1 symbol and  Np, P2 symbols followed by Lgas data symbols
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8.2 Super frame

A super frame can carry T2-frames and may also R&Feparts, see Figure 35.

frame .
length FEF length FEF interval
- P
DVB-T2 DVB-T2
T2-frame T2-frame T2-frame frame e frame
%/—J
A B C
A+B+C=Np

Figure 35: The super-frame, including T2-frames and FEF parts

The number of T2-frames in a super frame is a gandible parametedr, that is signalled in L1-pre signalling, iléy,
= NUM_T2_FRAMES (see clause 7.2.2). The T2-frantesrambered from O ty—1. The current frame is signalled
by FRAME_IDX in the dynamic L1-post signalling.

A FEF part may be inserted between T2-frames. Thngbe several FEF parts in the super frame, B&Fapart
shall not be adjacent to another FEF part. Theimtén time of the FEF parts is signalled basedh@nsuper frame
structure. The super frame duratiogt iE determined by:

Tsre = Nr2XTe + NegeX Teer

whereNggr is the number of FEF parts in a super frameTagis the duration of the FEF part and is signallgd b
FEF_LENGTH.Ngg can be derived as:

Nrer = Npo / FEF_interVaI.
If FEFs are used, the super frame ends with a BEF p

The maximum value for the super frame lerifghis 64s if FEFs are not used (equivalent to 25@@sof 250ms) and
128s if FEFs are used. Note also that the indexdri frames (see FRAME_IDX in clause 7.2.3.2) bBhgare
independent of Future Extension Frames.

The L1 pre signalling and the configurable parthef L1 post signalling can be changed only on tirdér of two
super frames. If the receiver receives only theand type A, there is a counter that indicatesthe super-frame with
changes in L1 parameters. Then the receiver caztk¢he new L1 parameters from the P2 symbol(shénfirst frame
of the announced super frame, where the changeeappl

A data PLP does not have to be mapped into eveifyaf2e. It can jump over multiple frames. This feaimterval
(I3ump) is determined by the FRAME_INTERVAL parametereThist frame where the data PLP appears is detedni
by FIRST_FRAME_IDX. FRAME_INTERVAL and FIRST_FRAMHEDX shall be signalled in the L1 post signalling
(see clause 7.2.3.1). In order to have unique mapgithe data PLP's between super framgsshall be divisible by
FRAME_INTERVAL for every data PLP. The PLP shalltbapped to the T2-frames for which:

(FRAME_IDX-FIRST_FRAME_IDX) mod FRAME_INTERVAL = 0.

Note that when the in-band signalling is determiaed inserted inside the data PLP, this requiréfering of
FRAME_INTERVAL+1 T2 frames in a T2 system with dRE channel. If using TFS, the buffering is over
FRAME_INTERVAL+2 T2 frames. In order to avoid beffng, in-band type A is optional for PLPs thatrd appear
in every frame and for PLPs that are time intedelaover more than one frame.

Nr> must be chosen so that for every data PLP thexe isteger number of Interleaving Frames per strperne.

8.3 T2-Frame

The T2-frame comprises one P1 preamble symbobvieldl by one or more P2 preamble symbols, followed b
configurable number of data symbols. In certain loio@itions of FFT size, guard interval and piloteat (see clause
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9.2.7), the last data symbol shall be a frame ripsymbol. The details of the T2-frame structueed@scribed in
clause 8.3.2).

The P1 symbols are unlike ordinary OFDM symbols arainserted later (see clause 9.8).

The P2 symbol(s) follow immediately after the Pinbpl. The main purpose of the P2 symbol(s) is toydal
signalling data. The L1 signalling data to be eatiis described in clause 7.2, its modulation arat eorrection
coding are described in clause 7.3 and the mapyittgs data onto the P2 symbol(s) is describeclanse 8.3.5.

8.3.1 Duration of the T2-Frame

The beginning of the first preamble symbol (P1) kedhe beginning of the T2-frame.

The number of P2 symbadls; is determined by the FFT size as given in Tablevigreas the number of data symbols
Ly4awin the T2-frame is a configurable parameter sigdah the L1-pre signalling, i.eLgan=

NUM_DATA_SYMBOLS. The total number of symbols irframe (excluding P1) is given thy¢ = NpytLga The T2-
frame duration is therefore given by:

Tr = LexTs+Tpy,
whereTs is the total OFDM symbol duration aiig; is the duration of the P1 symbol (see clause 9.5).

The maximum value for the frame duratibnshall be 250 ms. Thus, the maximum numbet_fois as defined in
Table 40 (for 8MHz bandwidth).

Table 40: Maximum frame length  Lg in OFDM symbols for different FFT sizes
and guard intervals (for 8 MHz bandwidth)

FET size T, [Ms] Guard interval

1/128 1/32 1/16 19/256 1/8 19/128 1/4
32K 3.584 68 66 64 64 60 60 NA
16K 1.792 138 135 131 129 123 121 111
8K 0.896 276 270 262 259 247 242 223
4K 0.448 NA 540 524 NA 495 NA 446
2K 0.224 NA 1081 1049 NA 991 NA 892
1K 0.112 NA NA 2098 NA 1982 NA 1784

The minimum number of OFDM symbdls shall beNp+3 when the FFT size is 32K ahi+7 in other modes. When
the FFT size is 32K, the number of OFDM symhbgishall be even.

The P1 symbol carries only P1 specific signallinfpimation (see clause 7.2.1). P2 symbol(s) cdftha remaining
L1 signalling information (see clauses 7.2.2 ari3j.and, if there is free capacity, they alsoycdata from the
common PLP's and/or data PLP's. Data symbols caltyycommon PLP's or data PLP's as defined in el28s3.6.3.1
and 8.3.6.3.2. The mapping of PLP's into the symisotlone at the OFDM cell level, and thus, P2ava dymbols can
be shared between multiple PLP's. If there is degeacity left at the end of the T2-frame, it i&efil with auxiliary
streams (if any) and dummy cells as defined insgal8.3.7 and 8.3.8. In the T2-frame, the commdP'Pare always
located before the data PLP's. The mapping of AhBshe T2 frame is defined in clause 8.3.6.1.

8.3.2 Capacity and structure of the T2 frame

The frame builder shall map the cells from bothttime interleaver (for the PLPs) and the constielfatapper (for the
L1 pre- and post-signalling) onto the data ceillg, of each OFDM symbol in each frame, where

m s the T2- frame number

| is the index of the symbol within the frame, staytat O for the first P2 symbol,<0l < Lg;

p is the index of the data cell within the symbabpto frequency interleaving and pilot insertion.
Data cells are the cells of the OFDM symbols whighnot used for pilots or tone reservation.

The P1 symbol is not an ordinary OFDM symbol anelsdaot contain any active OFDM cells (see claudg 9.

DVB BlueBook A122



72 TM 3980 Rev. 5

The number of active carriers, i.e. carriers nedusr pilots or tone reservation, in one P2 synibdenoted b{Cp,
and is defined in Table 41. Thus, the number afadarriers in all P2 symbol(s) lpxCpy.

The number of active carriers, i.e. carriers nedusr pilots, in one normal symbol is denotedgy.. Table 42 gives
values ofCqy., for each FFT mode and scattered pilot patterthircase where tone reservation is not used. Thesva
of Cyata When tone reservation is used (see clause 9.&Zpiculated by subtracting the value in the "ERst column
from theCyata Value without tone reservation. For 8K, 16K an&k 320 values are given corresponding to normal
carrier mode and extended carrier mode (see cthB¥e

In some combinations of FFT size, guard interval pitot pattern, as described in clause 9.2.7lasiesymbol of the
T2-frame is a special frame closing symbol. It Aakenser pilot pattern than the other data syn@assome of the
cells are not modulated in order to maintain thaestotal symbol energy (see clause 8.3.9). Whae ke frame
closing symbol, the number of data cells it cortasndenoted biX:c and is defined in table 43. The lesser number of
active cells, i.e. data cells that are modulatedlenoted bZ:c, and is defined in table 44. Bdikc andCrc are
tabulated for the case where tone reservationtiaser and the corresponding values when tonevegar is used

(see clause 9.6.2) are calculated by subtractiagdtue in the "TR cells" column from the valueheitit tone
reservation.

Hence the cell indep takes the following range of values:
0<p<Cpyfor 0<I < Npy
0<p < Cyatafor Nep<| <Le—1;
0<p < Ng for | =L -1 when there is a frame closing symbol

0<p < Cyaafor I = Li—1 when there is no frame closing symbol

Table 41: Number of available data cells  Cp, in one P2 symbol

FFT Size Cr2

SISO | MISO
1K 558 | 546
2K 1118 | 1098
4K 2236 | 2198
8K 4472 | 4398
16K 8944 | 8814
32K 22432 | 17612

DVB BlueBook A122



73 TM 3980 Rev. 5

Table 42: Number of available data cells  Cgaa in One data symbol

. TR
FET Size Cudata (NO tone reservation) cells
PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8

1K 764 768 798 804 818 10

2K 1522 1532 1596 1602 1632 1646 18

4K 3084 3092 3228 3234 3298 3328 36
Normal | 6 208 6 214 6 494 6 498 6 634 6 698 6 698 72

8 Extended| 6 296 6 298 6 584 6 588 6 728 6 788 6 788 72
Normal | 12418 | 12436 | 12988 | 13002 | 13272 | 13288 | 13416 | 13406 | 144

1oK Extended | 12 678 | 12 698 | 13262 | 13276 | 13552 | 13568 | 13698 | 13688 | 144
Normal 24 886 26 022 26592 | 26 836 | 26 812 | 288
32K Extended 25412 26 572 27152 | 27 404 | 27 376 | 288

NOTE: An empty entry indicates that the corresponding combination of FFT size and pilot pattern
is never used

Table 43: Number of data cells Ngc in the frame closing symbol

. Nec for frame closing symb ol (no tone reservation)
FFT Size PPL PP2 PP3 PP4 PP5 PPG PP7 ppg | R cells
1K 568 710 710 780 780 10
2K 1136 1420 1420 1562 1562 1632 18
4K 2272 2840 2840 3124 3124 3266 36
8K Normal 4544 5680 5680 6248 6248 6532 72
Extended 4608 5760 5760 6336 6336 6624 72
16K Normal 9088 11360 11360 12496 12496 13064 13064 144
Extended 9280 11600 11600 12760 12760 13340 13340 144
32K Normal 22720 24992 26128 288
Extended 23200 25520 26680 288

NOTE: Anempty entry indicates that frame closing symbols are never used for the corresponding combination of
FFT size and pilot pattern

Table 44: Number of available active cells  Cgc in the frame closing symbol.

. TR
EET Size Ckc (no tone reservation) cells
PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8

1K 402 654 490 707 544 10

2K 804 1309 980 1415 1088 1396 18

4K 1609 2619 1961 2831 2177 2792 36
Normal 3218 5238 3922 5662 4354 5585 72

o Extended| 3264 5312 3978 5742 4416 5664 72
Normal 6437 10476 | 7845 11324 | 8709 11801 | 11170 144
1oK Extended | 6573 10697 | 8011 11563 | 8893 12051 | 11406 144
Normal 20952 22649 23603 288
32K Extended 21395 23127 24102 288

NOTE: Anempty entry indicates that frame closing symbols are never used for the
corresponding combination of FFT size and pilot pattern
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Thus, the number of active OFDM cells in one T2¥feaCior) depends on the frame structure parameters imgjudi
whether or not there is a frame closing symbol (daese 9.2.7) and is given by:

Croy = Nps* Cpo + (Lgata—D * Cqatat Cec  When therdsaframeclosingsymbol
ot~ Np2* Cps + Lgata™ Cqata when therasnoframeclosingsymbol

The number of P2 symbols; is dependent on the used FFT size and is defin@dble 45.

Table 45: Number of P2 symbols denoted by  Np, for different FFT modes

FFT size Np2
1k 16
2k
4k
8k

16k
32k

RPN~

The number of OFDM cells needed to carry all Lhalting is denoted b, ;. The number of OFDM cells available
for transmission of PLPs in one T2-frame is givgn b

DPLP = Ctot - DLl'
The values oD ; andDgp p do not change between T2-frames but may changesbatsuper-frames.

All cells D1 are mapped into P2 symbol(s) as described ine&l@wg5. The common PLPs and data PLPs are mapped
onto the remaining active OFDM cells of the P2 sgitd) (if any) and the data symbols. The mappinglofiata is
described in clause 8.3.5 and the mapping of confidts and data PLPs is described in clause 8.3.6.

A data PLP is carried in sub-slices, where the rermolb sub-slices is between 1 and 6480. The daRsPREtype 1 are
carried in one sub-slice per T2-frame and the Bafs of type 2 are carried in between 2 and 64B&Eoes. The
number of sub-slices is the same for all PLPs pé t3. The number of OFDM cells allocated to dat®$bf type 2 in
one T2-frame must be a multiple f,psices The structure of the T2-frame is depicted in Fg86.

Following the data PLPs of type 2 there may beammore auxiliary streams (see clause 8.3.7) wbérhbe followed
by dummy cells. Together, the auxiliary streams dmeimy cells exactly fill the remaining capacitytbé T2-frame.

Dummy cells

Y

Common PLPs | data PLPs, type 1 data PLPs, type 2 auxiliary
streams

Complete T2-frame

A

\j

Figure 36: Structure of the T2-frame

8.3.3 Signalling of the T2-frame structure and PLPs

The configuration of the T2-frame structure is siggd by the L1-pre and L1-post signalling (seaeiséa7.2). The
locations of the PLPs themselves within the T2-aran change dynamically from T2-frame to T2-fraeme] this is
signalled both in the dynamic part of the L1-paghalling in P2 (see clause 7.2.3.2), and in thlednd signalling (see

clause 5.2.3). Repetition of the dynamic part eflth-post signalling may be used to improve robestnas described
in clause 7.2.3.3.

In a system with one RF channel, the L1 signaltragsmitted in P2 refers to the current T2-frame @re in-band
signalling refers to the next T2-frame. This isidegal in Figure 37. In a TFS system the L1 signgltiransmitted in P2
refers to the next frame and the in-band signaligigrs to two frames away, as described in anné¥len the
interleaving frame is spread over more than ondérde, the in-band signalling carries the dynarigoalling for each
T2-frame of the next Interleaving Frame, as desdriln clause 5.2.3.
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OneRFsystem repetion

signalling signalling

Figure 37: L1 signalling for a single RF system

8.34 Overview of the T2-frame mapping

The slices and sub-slices of the PLPs, the auxiiteams and dummy cells are mapped into the dgnalbthe T2
frame as illustrated in Figure 38. The T2 frametstaith a P1 symbol followed by», P2 symbols. The L1-pre and -
post signalling are first mapped into P2 symbd¢ep clause 8.3.5). After that, the common PLR'svapped right
after the L1 signalling. The data PLPs follow tleencnon PLPs starting with type 1 PLP1. The type P$follow the
type 1 PLPs. The auxiliary stream or streams, yf émllow the type 2 PLPs, and this can be follovegddummy cells.
Together, the PLPs, auxiliary streams and dumng cielts shall exactly fill the remaining cells retframe.

Time OFDM bol
P2 P2 Symbols D
P1 0°* *Npy-1 8 1D 2 e L gata-1
T y PLP
i : - PLP| * PLP| - .
Cell index : PI1_P P’\hp M, +1 “ZI:&’ZMM : | Mi+1 . pLp
1 MM

Complete T2-frame

-l [

. L1-pre signaling D D TYPE 1 data PLP’s (1...M;) || common PLP's £ Dummy cells
D L1-post signaling D D TYPE 2 data PLP's (My+1... M,+My) Auxiliary streams

Figure 38: Mapping of data PLPs into the data symbo Is

8.3.5 Mapping of L1 signalling information to P2 symbol(s)

Coded and modulated L1-pre and L1-post cells fefrathem (f_prem,i andf_pos[,n,i) are mapped to the P2
symbol(s) as follows:

1) L1-pre cells are mapped to the active cells ofyr2b®I(s) in row-wise zig-zag manner as illustrate&igure
39 by the blue blocks and described in the follgnéquation:

DLlpre

Xm/,p = f_Prém pxn,,+ . for 01 <Ny, and0< p< Nog

where:  Dyypre is the number of L1-pre cells per T2 frarriBLlpre =1840

Np. is the number of P2 symbols as shown in TableaAs,
Xm,p are the active cells of each OFDM symbol as ddfineclause 8.3.2.

2) Ll1-post cells are mapped to the active cells oRRBesymbol(s) after the L1-pre cells in row-wisg-zag
manner as shown by the green blocks in Figure 83lascribed in the following equation:

Di1
= post
X e = 1POSE pxN,, 41+ for Ol <Np, and0< p<—="—

D
m,l, p+T Np2

P2
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whereD\postis the number of L1-post cells per T2 frantd, ; ¢ = Nyop ora

NOTE: The zig-zag writing may be implemented by time interleavers presented in Figure 40. Tha dat
written to the interleaver column-wise, while tlead operation performs row-wise. The number of rows
in the interleaver is equal i, The number of columns depends on the amounttaftdée interleaved

and is equal to @y and Q1,05 respectively.

Time—»
Np>
2
=
= P2 P2 P2
1 = -
| PLPs |

Figure 39: Mapping of L1 data into P2 symbol(s). Th e numbers are
the index into the L1-pre or L1-post data field

|
=
ibp L1-pre time interleaver
<Read— |1 3 5 7 9 '\
2 4 6 8 10 J/
|
=
l’ L1-post time interleaver
<«Read— |1

3579...‘\

2 4 6 8 10

Figure 40: P2 time interleaver. The number of rows  is equal to Np»
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8.3.6 Mapping the PLPs

After the L1 data has been mapped to the P2 sysjbtie remaining active data cetls,, in the P2 symbol(s) and
data symbols are available for PLPs.

PLPs are classified into 3 types, signalled in b$&tsignalling field PLP_TYPE; common PLP, data Ape 1 and
data PLP type 2. Common and Type 1 PLPs have gx@wt sub-slice per T2-frame, whereas type 2 PEWe h
between 2 and 6480 sub-slices per T2-frame .

The common PLPs are transmitted at the beginnitigeoT2-frame. Data PLPs of type 1 are transmitieectly after
the common PLPs. Data PLPs of type 2 are transiiiitectly after the data PLPs of type 1.
8.3.6.1 Allocating the cells of the Interleaving Frames to the T2-Frames

If the Interleaving Frame for a given PLP is mapgedctly to one T2-Frame (see 6.5), then the ¢ellse allocated to
the T2-frame shall be all of the cells of the csp@nding Interleaving Frame from the output of Tiree Interleaver.

In general the Interleaving Frame for PiLRill be mapped td (i) T2-frames (see 6.5.1), and the Interleaving Frame
shall be divided int®(i) slices, each containing an equal number of &ltEven by:
D = NBLOCKS IF (i, N ppc(i)
1 — . .
R () */7mop (i)

whereNg ocks_i,n) is the number of LDPC blocReg ocks_#(n) in the current Interleaving Frame (indgxfor PLPi;
Npd(i) is the LDPC block length angliop(i) is the number of bits per cell for PLRNg ocks_iN) was defined in
clause 6.5 for the Time Interleaver.

The values oPF(i) shall be chosen such thHatis an integer for all PLPs. Further restrictiopplg for Type 2 PLPs:
see clause 8.3.6.3.2.

The firstD; cells shall be allocated to the first T2-framentuich the Interleaving Frame is mapped, the igxtells to
the next T2-frame to which the Interleaving Frasmenapped, and so on for each T2-frame to whiclntieeleaving
Frame is mapped. Clause 8.2 describes how to detethe T2 frames to which a given PLP is mappéddchvwill not
be successive T2 frames if a frame interlghf) value greater than 1 is used.

Figure 41 depicts the OFDM cells for data PLPs d2drame.McommoncOmMmon PLPSM; PLPs of type 1 anil, PLPs
of type 2 are carried in the frame.

The scheduler shall allocate valuesNgrocks £(i,n) for each Interleaving Frame for each PLP suchttietotal
number of cells of all PLPs plus any auxiliary atre (see clause 8.3.7) shall not exceed the nuohisetls reserved
for data. Hence thMg ocks_ir(i,n) shall be allocated such that the resulting valesatisfy the following:

M common Ml M 2 M AUX
Z Di ,common+ Z Di 1 + Z Di 2 + Z Di ,aux = DPLP
i=1 i=1 i=1 i=1

whereD; commoniS the number of OFDM cell3; needed for carrying the common PLP indd®;; is the number of
OFDM cellsD; needed for carrying the data PLEY typej, Maux is the number of auxiliary streams, ddd,x is the
number of cells occupied by auxiliary stream i.
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T2-frame

Mcommon

D B T
common type 1 type 2

Figure 41: Allocation of  Mcommon COMmon PLPs, M; data PLPs of typel and M, data PLPs
of type 2 transmitted in one T2-frame

8.3.6.2 Addressing of OFDM cells for common PLPs and data PLPs

A one-dimensional addressing schemed@«1) is defined for the active data cells that aseused for L1 signalling.
The addressing scheme defines the order in whiehehs from the sub-slices of the PLPs are altmtad the active
data cells, and is also used to signal the locaitidrthe sub-slices of all PLPs in the dynamic p&the L1 post
signalling.

Address 0 shall refer tothe cell , , the cell immediately following the last cell gang L1 post signalling in the
m,0—%
Np2
first P2 symbol. The addresses 0,1,2, ... shall teféne cells in the following sequence:

X

. Dy -
Np2

Xm|,C,,, foreachi=0...Np,—1, followed by

Xmi o XmiCyua TOF €aChI=Np; ... L — 2, followed by
Xm,L.-10 - Xm,L.-1C 1 if there is a frame closing symbol, or
e & S F

Xm, L.-10 Xm,L;—lCdm—l if there is no frame closing symbol.

The location addresses are depicted in Figure 42.
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Time—
—
© P2 P2  Data Data Data symbol Le-1
—. 5102
§ = | L1-pre |
>
+

PLPs

3051
1 3052

3049 6100
3050 6101 Dpip-2
Dpip-1

Figure 42: Addressing of the OFDM cells for common PLPs and data PLPs
The numbers (cell addresses) are exemplary

8.3.6.3 Mapping the PLPs to the data cell addresses

The allocation of slices and subslices to the B2nfes is done by the scheduler. The scheduler neagnysmethod to
perform the allocation and may map the PLPs td#frame in any order, provided the requirementhéfollowing
clauses are met and also that the locations dfdle of the PLPs are as described by the L1 diggainterpreted as
described in the following clauses.

8.3.6.3.1 Mapping the Common and Type 1 PLPs

The cells of a Common PLP for a particular T2-frashell be mapped sequentially into a single contigurange of
cell addresses of the frame, in order of increaatdress. The Common PLPs, if any, shall be magtgeting from
address 0. If more than one Common PLP is useddleof a following Common PLP start from the azitdr
immediately after the last cell of a preceding CamrRLP, always with data written with increasingrss.

Although the present document specifies that thegpina shall be done in the way described above,ntgthod shall
not be assumed by the receiver, but instead timalség addressing scheme shall be followed. Thilsalow future
versions of the present document to use differathaus, without requiring changes to receivers.

In the case of TFS each Common PLP shall be seall &F frequencies with identical scheduling iizframe (see
annex E).

The cells of a Type 1 PLP for a particular T2-frashell also be mapped sequentially into a singhtigoous range of
cell addresses of the frame, in order of increaaidress. The cells of the first Type 1 PLP, if,ashall start from the
address immediately after the last cell of the Gmnmon PLP, or from address 0 if there are no comRLPs.

The addressing of the Common and Type 1 PLPs @ndiy L1-post signalling, see clause 7.2.3.

The address of the first cell of a common or TygelLP, slice_start, shall be signalled directly oy PLP_START
field of the dynamic L1 signalling.

The address of the last cell, 'slice_end’, occulpyed common or Type 1 PLP, shall be calculatefdlisvs:
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PLP_NUM_BLOCKSx N
R

slice_end=PLP_START+ cells —1

whereNgis is the number of OFDM cells in an LDPC block agegiin Table 16 anB, is the number of T2-frames to
which an Interleaving Frame is mapped. PLP_STARTRIbP_NUM_BLOCKS are defined in 7.2.3.2.

8.3.6.3.2 Mapping the Type 2 PLPs

The cells of each Type 2 PLP that are allocategarticular T2-frame shall be divided ifigpsicesSUb-slices, where
NsubsiicesiS Signalled by SUB_SLICES_PER_FRAME in the L1 figurable signalling.

The number of sub-slices per T2-framgusices the number of T2-framéd (i) to which each Interleaving Frame for
PLPi is mapped, (and also the numbg of channels when TFS is applied, see annex E) atrably with the
following limitation:

NCELLS(i) mod {5- Nsubslices_totaPl (|)} =0, foralli O {1..M2}

whereNsupsices_tote NrrXNsubsices M2 iS the number of type 2 PLPs aNge, i) is the number of cells in one FEC
block for PLPi. This shall be achieved by a suitable choicBQfsicesandP; given the FEC block sizes and modulation
types in use. Suitable values Myussices_toaifOr the case where the interleaving frame is redgp one T2-frame for all
the PLPsP=1), are listed in annex K.

Each of the sub-slices of any one PLP shall corgairqual number of cel3; »/Nsyysices WhereD, » is the number of
cells in the T2-frame for PLPof Type 2 and is defined in clause 8.3.6.1 ab®te. first sub-slice shall contain the first
Di o/ NsubsicesCells, the second sub-slice shall contain the BeXNgpsicesCellS, and so on for each sub-slice.

NOTE: The number of OFDM cells for each PIOR,, may be different, but evefy; , shall be a multiple of
Nsubsices SO that all sub-slices carrying the same PLP kaual size. This is guaranteed if the above
(more restrictive) limitation is met.

Each sub-slice of a PLP shall be mapped to a asmigrange of cell addresses of the frame, in @flieicreasing
address. The cells of the first sub-slice of th&t fType 2 PLP shall start from the address imntelyiafter the last cell
of the last Type 1 PLP. These shall be followed ediately by the cells of the first sub-slice of titaer Type 2 PLPs,
followed by the cells of the second sub-slice factePLP in turn, with the PLPs taken in the sanderrand so on
until the last sub-slice of the last PLP has beapped.

Although the present document specifies that thgpina shall be done in the way described abovs,ntgthod shall
not be assumed by the receiver, but instead timalség addressing scheme shall be followed. Thilsalow future
versions of the present document to use differathaus, without requiring changes to receivers.

The address of the first cell of the first subeslid a PLP is indicated by the PLP_START fieldraf dynamic L1
signalling. The length of the sub-slice in OFDMIg@lan be calculated directly from the fields PLRINN BLOCKS
and SUB_SLICES_PER_FRAME, together with which is signalled by TIME_IL_LENGTH in conjunoti with
TIME_IL_TYPE. The start address of the subsequebisdices can be calculated from the PLP_START and
SUB_SLICE_INTERVAL fields. The signalling fieldseadescribed in detail in clause 7.2.

The address of the first and last cell for the slidej of a type 2 data PLP are given by
Sub_slicestart(j)=PLP_START+ jxSUB_SLICE INTERVAL

PLP_NUM_ BLOCKSxN
N x P

subslices

Sub_sliceend(j)=Sub_slicestart(j)+ cells 1,

for j=0, 1, ...,Nsuwsicesl. HereNsypsices= SUB_SLICES_PER_FRAME arids is the number of OFDM cells in an
LDPC block as given in Table 16 aRdis the number of T2-frames to which an interlegviiame is mapped.
PLP_START, SUB_SLICE_INTERVAL, and PLP_NUM_BLOCKS®&:alefined in 7.2.3.2.

NOTE: SUB_SLICE_INTERVAL is the difference in caltidress between the first cell of one sub-slicetha
first cell of the next sub-slice for a given PLRdas given by:
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M,
2D
SUB_SLICE_ INTERVAL= =

subslices

A receiver shall not assume that SUB_SLICE_INTERMWn be calculated as described in the note abovénstead
shall use the signalled value (see clause 7.2.3.2).

The allocation of thd; Type 1 andM, Type 2 PLPs to the cell addresses of the T2-frianikistrated in Figure 43.

SUB_SLICE_INTERVAL ad(éfgss

-t

12 X M11 23"'M71 23..-M2 (XX 1 23.--M2

Figure 43: Scheduled data PLPs for T2 frame

EXAMPLE: The first four symbols in a T2-frame ha¥e structure presented in figure 42. The framaezar
one common PLP, followed by data PLPs. The commdhiP carried in one 16200 bit LDPC
block in the current frame. The modulation usedHtiercommon PLP is 64-QAM, thus 2700 cells
are needed to carry 16200 bits. The PLP loop imdyimamic L1 post signalling is as follows:
PLP_ID=0;PLP_START =0; PLP_ NUM_BLOCKS = 1;

PLP_ID=1;PLP_START = 2700; ...
The first row describes the signalling for the camnnPLP and the second row the signalling for
the first data PLP.

8.3.7  Auxiliary stream insertion

Following the Type 2 PLPs, one or more auxiliargains may be added. Each auxiliary stream corgistsequence
of D aux Cell valuesty,,, in each T2-frame, wheids the auxiliary stream index. The cell valuedidhave the same
mean power as the data cells of the data PLPE (kg . xm,Lp*):l, but apart from this restriction they may bedias
required by the broadcaster or network operatce. aifxiliary streams are mapped one after anothertba cells in
order of increasing cell address, starting fromfitts¢ address following the last cell of the laab-slice of the last
Type 2 PLP.

The start position and number of cdlls,,, for each auxiliary stream may vary from T2-fraréel'2-frame, and bits are
reserved to signal these parameters in the L1 dygnsignalling.

The cell values for auxiliary streams need nothlsesame for all transmitters in a single frequamatyvork. However,
if MISO is used as described in clause 9.1, caa#l bh taken to ensure that the auxiliary streamsat interfere with
the correct decoding of the data PLPs.

Specific uses of auxiliary streams, including cgdamd modulation, will be defined either in futeditions of the
present document or elsewhere. The auxiliary stsaaay be ignored by the receiver. If the numberudliary
streams is signalled as zero, this clause is ighore

8.3.8 Dummy cell insertion

If the data PLPs and auxiliary streams do not é&xéilitthe cells allocated to data, dummy cellsbtbe inserted in the
remainingNgummy Cells of the T2-frame, where:

M, M, M aux
Ndummy = Ddata - [Z Di 1 + Z Di,2 + Z Di,auxj
i=1 i=1 i=1

The dummy cell values are generated by takingitbeNg,mmy values of the BB scrambling sequence defined in
clause 5.2.4. The sequence is reset at the begiohihe dummy cells of each T2-frame. The resglhitsbgs;,
0 <j < Ngummy are then mapped to cell valugs, according to the following rule:

Re{Xm,p = 2 (1/2 bgs))

DVB BlueBook A122



82 TM 3980 Rev. 5
IM{ Xm,p} =0,

where the bit®gs; are mapped to cellg, , in order of increasing cell address starting ftbmfirst address following
the last auxiliary stream, if any, or the last RitRerwise.

8.3.9 Insertion of unmodulated cells in the Frame Closing Symbol

When a frame closing symbol is used (see clau$e? 8nd 9.2.7), some of its data cells carry noutatobn in order to
maintain constant symbol power in the presencehiflaer pilot density.

The lastNrc-Crc cells of the Frame Closing Symbot, (| _; ¢, .+ Xy 1-1n1)» Shall all be set to 8.

8.4 Future Extension Frames (FEF)

Future Extension Frame (FEF) insertion enablesatgaof frames defined in a future extension ofwB-T2
standard in the same multiplex as regular T2-fraifiles use of future extension frames is optional.

A future extension frame may carry data in way wvikm to a DVB-T2 receiver addressing the curremdsed
version. A receiver addressing the current standension is not expected to decode future exterfsaomes. All
receivers are expected to detect FEF parts.

A FEF part shall begin with a P1 symbol that cam&cted by all DVB-T2 receivers. The maximum taraf a FEF
part is 250 ms. All other parts of the future esten frames will be defined in future extensionshef present
document or elsewhere.

The detection of FEF parts is enabled by the Laadlimg carried in the P2 symbol(s) (see clause371?. The
configurable L1 fields signal the size and struetofrthe super frame. The NUM_T2_FRAMES describesiumber
of T2-frames carried during one super frame. Tloation of the FEF parts is described by the L1algry field
FEF_INTERVAL, which is the number of T2-frames la¢ beginning of a super frame, before the beginafrige first
FEF part. The same field also describes the nuofiE2-frames between two FEF parts. The lengtthefREF part is
given by the FEF_LENGTH field of the L1 signallinthis field describes the time between two DVB-Téhies
preceding and following a FEF part as the numbelerhentary time periods T, i.e. samples in theivet (see clause
9.5).

The parameters affecting the configuration of FEfall be chosen to ensure that, if a receiver otiey3 TO
signalling (see annex C) and implements the madelifier management defined in C.1.1, the receivde-jitter
buffer and time de-interleaver memory shall neitharflow nor underflow.

NOTE: In order not to affect the reception of tHedata signal, it is assumed that the receivettazatic gain
control will be held constant for the duration &H-part, so that it is not affected by any poweraens
during the FEF part.

8.5 Frequency interleaver

The purpose of the frequency interleaver, operaimthe data cells of one OFDM symbol, is to mapdhata cells
from the frame builder onto thé,.;, available data carriers in each symih., = Cp, for the P2 symbol(SNgata = Caata
for the normal symbols (see clause 8.3.2),Mund = Nec for the Frame Closing symbol, if present.

For the P2 symbol(s) and all other symbols, thgueacy interleaver shall process the data 2g]l1S= (Xm0 » Xmi1 s -+
Xmin,,-1 ) Of the OFDM symbal of T2-framem, from the frame builder.

Thus for example in the 8k mode with scatteredtgisdtern PP7 and no tone reservation, blocks 88 @&ta cells
from the frame builder during normal symbols foire tnput vectoX,| = Xy o X112 Xm1,2:+-%n1.6697-

A parameteMn.« is then defined according to Table 46.
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Table 46: Values of Mpax for the frequency interleaver

FFT Size Mmax
1K 1024
2K 2048
4K 4 096
8K 8 192
16K 16 384

32K 32 768

The interleaved vectak,| = @ o @m) 1 8 2+ Bmil N ) 1S defined by:

m1 H(p) = Xmlp for even symbols of the frameriod 2 = 0) in mode 32K fg= 0,...Ngatrl

amip= XmiHp) for odd symbols of the framéfiod 2 = 1) in mode 32K fqgr = 0,...Ngatr1
For other modes: 1K, 2K, 4K, 8K, 16K
amip = XmlH(p) for even symbols of the framerfod 2 = 0) fop = 0,...Ngairl and

amip = XmlHi(p) for odd symbols of the framérfiod 2 = 1) fop = 0,...Ngag 1

H(p), Ho(p) andH,(p) are permutation functions based on sequeRgeefined by the following.
An (N, - 1) bit binary wordR; is defined, withN, = log, M,,,,, whereR;, takes the following values:
i=0,1: R; [N,-2,N;-3....,1,0]= 0,0....,0,0
i=2: R; [N,-2,N,-3,...,1,01 = 0,0,...,0,1
2<i<Mpg { R/IN-3,N-4,..,1,0] =R\ ; [N-2,N,-3,...,2,1];
in the 1k modeR; [8] = R;_; [0] O R;_; [4]
in the 2k modeR; [9] = R;_; [0] O R;_;[3]
in the 4k modeR; [10] =R;_;[0] O R} 4[2]
in the 8k modeR; [11] =R;_; [0] O R;_; [1] O R;;[4] O R;_; [6]
in the 16k modeR; [12] =R, ;[0] O R ;[1] O R, ,[4] OR;,[5] O R, [9] O R [11]
in the 32k modeR; [13] =R, ;[0] O R;[1] O R, 4[2] O R;.;[12] }
A vectorR is derived from the vectdR; by the bit permutations given in Table 47.
Table 47: Bit permutations

Table 47a: Bit permutations for the 1k mode

R'; bit positions 87|65 4 |3|2(1]0
R; bit positions (Ho) | 4 | 3 |2 1] 0 | 5
R; bit positions(H1) | 3 |2 |5 (0| 1 | 4|7 |8]| 6
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Table 47b: Bit permutations for the 2k mode

R'; bit positions 9 (87|65 4(3]2]1]0
R; bit positions (Ho) ( O | 7 | 5|18 2 [6 ]9
R; bit positions (H) | 3 | 2|7 | 0| 1| 5 |8|4]|9]| 6

Table 47c: Bit permutations for the 4k mode

R'; bit positions wo(9|8(7|6|5] 4 |3[2]1]|0
R; bit positions (Ho) | 7 (10| 5 (8 |1 (2] 4 |9 |0]|3]| 6
R; bit positions(H1) | 6 [ 2 (7|10 8 |0 | 3 [4[1 |9 | 5

Table 47d: Bit permutations for the 8k mode

R', bit positions 11]10]9|8] 7 |6 ]5[4]3[2]1]o0
R;bitposiions(Ho) | 5 | 11 | 3|0 | 10 | 8 |69 | 2| 4 | 1 | 7
R/ bitpositions(H1) | 8 | 10 |7 6| 0 |5 2|1 [3] 9| 4 |11

Table 47e: Bit permutations for the 16k mode

R, bit positions 12|11 (10|98 7 6 |5(4|3[2]1]0
R; bit positions (Ho) 8 4 3 |2|0|11|1(|5]|12|(101 6 | 7| 9
R; bit positions (H1) 7 9 5 3111 1 4 10(|2]12] 10

Table 47f; Bit permutations for the 32k mode

R'; bit positions 13 (12 (11 )10 |9 (8| 7 6 |5(4]|3]| 2 1
R; bit positions 6 5 0 10 (8111|1212 |94 3 |13( 7

The permutation functiohkl(p) is defined by the following algorithm;
p=0;
for i =0;i <M, i =i+ 1)

N, -2 .
{H(p)=(imod2)2N 1+ 3 R(j).2);
j=0

if (H(P)<Ngad p=p+1; }

A schematic block diagram of the algorithm useddperate the permutation function is representétiguare 44.
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XOR
E—l s|7|ef[s|af|a|2]1]0]R
ctl e P I I I B B
Unit | Wires Permutation | R
9
. 10
skip Addr |1
Check [ ]
v
H(p)

Figure 44a: Frequency interleaver address generatio  n scheme for the 1k mode

XOR
Elj ols|7|e|s|a|ls]|lz2|1]0| R
S A L]
Unit | Wires Permutation | R
10
. 11
skip Addr |1
Check [ ]
v
H(p)

Figure 44b: Frequency interleaver address generatio  n scheme for the 2k mode
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XOR
E o|lo|s|7]|6|5]als]2]1]0o]|R
ot et -l I I I I I B
Unit | Wires Permutation | R
11
. 12
skip Addr |1
Check [
V
H(p)

Figure 44c: Frequency interleaver address generatio  n scheme for the 4k mode

XOR

AT 1ml1wo|ofle|7|le|s|ala]2[1]0|R

N
Ctl e Jil I N I I I I I B B
Unit | Wires Permutation | R
12
. 13
skip Addr |1
Check [
\Y4
H(p)

Figure 44d: Frequency interleaver address generatio  n scheme for the 8k mode
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XOR
i ]
2| 1n|wofle]ls|7]|e|s|a]3|2]1]0| R
Ctrl - S I »
S S [ N N I O
| Wires Permutation | R
13
_ 14
skip Addr
Check
Y
H(p)

Figure 44e: Frequency interleaver address generatio  n scheme for the 16k mode

XOR
Al ]
."l" 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ’
Ctrl - W R
SIS S [ T T T T T T T T T T T T
| Wires Permutation | R
14
] 15
skip Addr
Check
\/
H(p)

Figure 44f: Frequency interleaver address generatio  n scheme for the 32k mode

The output of the frequency interleaver is therleteed vector of data celis,| = @) o, @m) 1, 3m 20+ @ml N 1) TOT
symboll of T2-framem.

9 OFDM Generation

The function of the OFDM generation module is tetthe cells produced by the frame builder, asueegy domain
coefficients, to insert the relevant referencerimiation, known as pilots, which allow the receit@compensate for
the distortions introduced by the transmission olefrand to produce from this the basis for the tdiamain signal for
transmission. It then inserts guard intervals #me)evant, applies PAPR reduction processingrtapce the
completed T2 signal.

An optional initial stage, known as MISO processialtpws the initial frequency domain coefficietosbe processed
by a modified Alamouti encoding, which allows th2 Signal to be split between two groups of tranmston the
same frequency in such a way that the two groupsati interfere with each other.
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9.1 MISO Processing

All symbols of the DVB-T2 signal may have MISO pessing applied on cell level. It is assumed thdD¥B-T2
receivers shall be able to receive signals withM[8ocessing applied. MISO processing consistalafigy the input
data cells and producing two similar sets of detts @t the output, each of which will be directedhe two groups of
transmitters. A modified Alamouti encoding is usegroduce the two sets of data cells, exceptttieaencoding is
never applied to the preamble symbol P1 and tlotspilre processed as described in clause 9.2.8.

The encoding process is done on pairs of OFDM palytells éml,p , am|’p+l) from the output of the frequency

interleaver. The encoded OFDM payload cellg(Tx1) for MISO transmitter group 1 are,(Tx2) for MISO
transmitter group 2 shall be generated from thatinplls according to

€m|, p(Tﬂ-) =8ml,p €m,l, p+1(T>d-) =8n) p+1 PO {0246,.. Ngata =2}
€m,l,p(TX2) = _a)rkn,l p+l €l p+1(TX2) = a)rkn,l p  PO{0246,..Ngaa =2}

where * denotes the complex conjugation operati@Ny,,is the number of cells at the frequency interleaeput
for the current symbd| as defined in clause 8.5. The scheme is illustrat Figure 45.

NOTE 1: The MISO processing for transmitters in KI§roup 1 copies the input cells unmodified todbgput.

NOTE 2:Ngq,Will always be an even number, even in the fratosieg symbol, even though the valu&s might
not be even.

or bW ay 10" e °’))

Payload 0 = )
Cells Ap 1) 2D & .’)

Figure 45:; Multiple Input, Single Output, Encoder p  rocessing of OFDM payload cells

The encoding process is repeated for each paimybad cells in turn. MISO processing shall noapeglied to the P1
symbol. The contents of the P1 symbol will be iditbetween the two groups of transmitters.

If MISO is not used, the input cells shall be cdpifirectly to the output, i.@n = 8m,p forp=0,1,2,...Ngarl.

9.2 Pilot insertion

9.2.1 Introduction

Various cells within the OFDM frame are modulateithweference information whose transmitted vakikriown to
the receiver. Cells containing reference informmatice transmitted at "boosted" power level. Therimiation
transmitted in these cells are scattered, contjrmalge, P2 or frame-closing pilot cells. The lamagi and amplitudes of
these pilots are defined in clauses 9.2.3 to 9a2.81SO transmissions, and are modified accortbngause 9.2.8 for
MISO transmissions. The value of the pilot inforioatis derived from a reference sequence, whiehseries of
values, one for each transmitted carrier on angrgeymbol (see clause 9.2.2).

The pilots can be used for frame synchronizatimyguency synchronization, time synchronization ndeh estimation,
transmission mode identification and can also Ieel tis follow the phase noise.
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Table 48 gives an overview of the different typépitot and the symbols in which they appear.

Table 48: Presence of the various types of pilotsi  n each type of symbol (X=present)
Symbol PILOT TYPE
Scattered Continual Edge P2 FRAME -
CLOSING
P1
P2 X
Normal X X X
Frame closing X X

The following clauses specify values fiy , for certain values ah, | andk, wherem andl are the T2-frame and
symbol number as previously defined, &id the OFDM carrier index (see clause 9.5).

9.2.2 Definition of the reference sequence

The pilots are modulated according to a referergeiencerx, wherel andk are the symbol and carrier indices as
previously defined. The reference sequence is el@fivom a symbol level PRB® (see clause 9.2.2.1) and a frame
level PN-sequence@n (see clause 9.2.2.2). This reference sequengpiied to all the pilots (i.e. Scattered, Continual
Edge, P2 and Frame Closing pilots) of each symbalT®2-frame, including both P2 and Frame Closiymlsols (see
clause 8.3).

The output of the symbol level sequeneg, is inverted or not inverted according to the fedevel sequencen, as
shown in Figure 46.

The symbol-level PRBS is mapped to the carrierh siat the first output bitng) from the PRBS coincides with the
first active carrierk= Kyin) in 1K, 2K and 4K. In 8K, 16K and 32K bitgroincides with the first active carride=Kmi)

in the extended carrier mode. In the normal carmriede, carriek=Kn, is modulated by the output bit of the sequence
whose index ¥ (see Table 60 for values Kf,). This ensures that the same modulation is appli¢kde same
physical carrier in both normal and extended camedes.

A new value is generated by the PRBS on every caeter (whether or not it is a pilot).

Hence:
o= W, O P normalcarriermode
'"“71 w. Opn extendecarriermode
lCarrier clock
Symbol reset
>ymbo' 'ese,, PRBS sequence
Reference
sequence,
lSymboI clock
Frame reset
PN-sequence
Figure 46: Formation of the reference sequence from the PN and PRBS sequences
9.2.21 Symbol level

The symbol level PRBS sequenugis generated according to Figure 47.

The shift register is initialized with all '1's #wat the sequence begiwg wy, w,... =1,1,1,1,1,1,1,1,1,1,1,0,0...
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Initialization
sequence

1 1 1 1 1 1 1 1 1 1 1

1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit
delay [—™ delay [ delay [ delay [-® delay [~® delay [® delay [® delay [ delay delay [-# delay

«

Figure 47: Generation of PRBS sequence

PRBS sequence starts: 1111111111100...

The polynomial for the PRBS generator shall be:
X+ X2+ 1 (see Figure 47)

NOTE: This sequence is used regardless of the E€Tasd provides a unique signature in the timeaiorfor
each FFT size and also for each pilot pattern gardiion.

9.2.2.2 Frame level

Each value of the frame level PN-sequence is appi®ne OFDM symbol of the T2-frame. The lengthhaf frame
level PN-sequencipy is therefore equal to the T2-frame lenbth(see clause 8.3.1) i.e. the number of symbolken t

T2-frame excluding P1. Table 49 shows the maximemgth of PN-sequence for different FFT modes in gMH
channels. The maximum number of symbols per fraitidoevdifferent for channel bandwidths other tfgiviHz (see

Table 59). The greatest possible valu®gfis 2624 (for 10MHz bandwidth).

Table 49: Maximum lengths of PN-sequences for diffe  rent FFT modes (8MHz channel)

FFT mode Maximum s equence length,

Npn
(chips)
1K 2 098
2K 1081

4K 540

8K 276
16K 138

32K 69

The sequence(y, pry, ..., pn\,PN_l) of lengthNgy =L, shall be formed by taking the fifsky bits from an overall PN-

sequence. The overall PN-sequence is defined big B&b and each four binary digits of the overatileence are
formed from the hexadecimal digits in Table 50 ngkihe MSB first.

NOTE: The overall PN-sequence has been optimigddhlgment by using as starting point the fullyiopzed
short PN-sequence of length 15. Each relevantheofgh given PN-sequence derives from this latter
sequence. This unique sequence can be used te@df@me synchronization efficiently.

Table 50: PN-sequence Frame level (up to 2624 chips ) Hexadecimal description

4DC2AF7BD8C3C9A1E76C9A090AF1C3114F07FCA2808E9462E9AD7B712D6F4AC8A59BB069CC50BF1149927E6B
B1C9FC8C18BB949B30CD09DDD749E704F57B41DEC7E7B176E12C5657432B51B0B812DFOE14887E24D80C97F09
374AD76270E58FE1774B2781D8D3821E393F2EAOFFD4D24DE20C05D0BA1703D10E52D61E013D837AA62D007CC
2FD76D23A3E125BDESASA7C02A98B70251C556F6341EBDECB801AADSDIFBSCBEASOBB619096527A8C475B3D8
DB28AF8543A00EC3480DFF1E2CDA9F985B523B879007AA5DO0CES8D21B18631006617F6F769EB947F924EA5161E
C2C0488B63ED7993BASEF4E552FA32FC3F1BDB19923902BCBBESDDABB824126E08459CA6CFA0267E5294A98C6
32569791E60EF659AEE9518CDF08D87833690C1B79183ED127E53360CD86514859A28B5494F51AA4882419A25A2

DO01A5F47AA27301E79A5370CCB3E197F
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9.2.3 Scattered pilot insertion

Reference information, taken from the referenceisece, is transmitted in scattered pilot cellsvierg symbol except
P1, P2 and the frame-closing symbol (if applicabfehe T2-frame. The locations of the scatterdotpiare defined in
clause 9.2.3.1, their amplitudes are defined insged.2.3.2 and their modulation is defined in sta®.2.3.3.

9.2.3.1 Locations of the scattered pilots

A given carrieik of the OFDM signal on a given symHakill be a scattered pilot if the appropriate edurabelow is
satisfied:

kmod(D,.D,) = Dy (I modD,) normalcarriermode
(k- K,,) mod(D,.D,) =D, (ImodD,) extendectarriermode

whereDy, Dy are defined in Table 51
K O [Kimin; Kmad and
| O [Np2 Le-2] when there is a frame closing symbol and
| O [Np2; Le-1] when there is no frame closing symboal.
Np, andLg are as defined in clause 8.3.1 #fg is defined in Table 60

Table 51: Parameters defining the scattered pilotp  atterns

Pi Separation of pilot bearing Number of symbols forming one scattered
ilot pattern - B
carriers ( Dx) pilot sequence ( Dv)

PP1 3 4

PP2 6 2

PP3 6 4

PP4 12 2

PP5 12 4

PP6 24 2

PP7 24 4

PP8 6 16

The combinations of scattered pilot patterns, FE& and guard interval which are allowed to be wweddefined in
Table 52 for SISO mode and in Table 53 for MISO mod

NOTE: The modifications of the pilots for MISO modee described in clause 9.2.8.

Table 52: Scattered pilot pattern to be used for ea  ch allowed combination
of FFT size and guard interval in SISO mode

FET size Guard interval
17128 | 132 | Ul6 [10/256 | 18 [19/128 | 14
PP2 | PP2
32K PP7 | Fre | PP8 | PP8 | PPZ | PPZ | Na
PP4 | PP4
PP7 | PP2 | PPZ | pP2 | PP2 | Lo
16K PP7 | PP4 PP3 | PP3
he | PPa | PPa | oS | DPS | ppg
PP5 | PP5
PP8 | PP8 | PP2 | PP2
8K PP7 | OF7 | PPa | PPa | PP3 | PP3 | PPL
PP5 | PP5 | PP8 | PP8
PP7 | PP4 PP2
4K, 2K NA | ool | ooe | NA | PP2 | NA | PRI
PP4 PP2
1K NA | NA [ PPR L NA | PPZ | NA | PRI
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NOTE 2:
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Table 53: Scattered pilot pattern to be used for ea  ch allowed combination
of FFT size and guard interval in MISO mode
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FET size Guard interval
17128 | 32 | 1/16 | 19256 | 1/8 | 19/128 | 1/4
PP8
PP8 | PP2 | PP2
32K P4 | PR3 | PPZ | PPZ | NA NA NA
PP6
PPS | PP8
PP3 | PP3 | PP1 | PP1
16K PP4 | PP4 NA
Pre | bhe | PP8 | PP8 | PP | PPB
oK EEZ EEZ PP3 | PP3 | PPL | PPL | .
rhe | ppe | PP8 | PP8 | PP8 | PP8
4K, 2K NA EE; PP3 NA | PPL | NA NA
1K NA | NA | PP3 | NA | PPI | NA NA

For the 32K case (SISO or MISO), it is expected that a receiver will need to implemergdn

temporal interpolation of the pilots over more tl2a®@FDM symbols. For all other cases, a maximum of
four symbols of linear temporal interpolation asswamed. For the pilot pattern PP8, it is assumetdath
receiver will use a "zero-order-hold" techniquéhaligh other more advanced techniques may be fised i
desired.

When the valuBxDy (with Dx andDy taken from Table 51) is less than the recipro€#he guard
interval fraction, it is assumed that frequencyyanterpolation will be used in SISO mode, and leetie
frame closing symbol is also not required.

The scattered pilot patterns are illustrated ineanh

9.2.3.2

Amplitudes of the scattered pilots

The amplitudes of the scattered pildisp, depend on the scattered pilot pattern as showalite 54.

Table 54: Amplitudes of the scattered pilots

Scattered pilot pattern Amplitude ( Asp) Eggls\{a(lggg
PP1, PP2 4/3 25
PP3, PP4 7/4 49
PP5, PP6, PP7, PP8 7/3 7.4

9.2.3.3

Modulation of the scattered pilots

The phases of the scattered pilots are derived themeference sequence given in clause 9.2.2.

The modulation value of the scattered pilots i€gity:

Re{cniid = 2 Asp (12 1)

|m{ Crm,l k } =0.

whereAgpis as defined in clause 9.2.3rg,is defined in clause 9.2.&)is the T2-frame indeX is the frequency index
of the carriers antlis the time index of the symbols.

9.24

Continual pilot insertion

In addition to the scattered pilots described abaveumber of continual pilots are inserted in g@smbol of the
frame except for P1 and P2 and the frame closimpsy (if any). The number and location of continpébts depends
on both the FFT size and scattered pilot patteth-PPP8 in use (see clause 9.2.3).
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9.24.1 Locations of the continual pilots

The continual pilot locations are taken from onenare "CP groups" depending on the FFT mode. Tabledicates
which CP groups are used in each FFT mode. Thelpdations belonging to each CP group depend ersthttered
pilot pattern in use; Table G.1 (see annex G) diwesarrier indicek 3« for each pilot pattern in the 32K mode. In
other FFT modes, the carrier index for each CRviengbyk = ki 30« modK.q, WhereK,o4 for each FFT size is given in
Table 55.

Table 55: Continual Pilot groups used with each FFT size

FFT size CP Groups used Kmod
1K CP, 1632

2K CP4, CP, 1632

4K CP,, CP,, CP3 3264

8K CPy, CP2, CP3, CP4 6528

16K CP,, CP,, CP3, CPy4, CPs 13056

32K CP,, CP,, CP3, CP,4, CPs, CPs NA

9.24.2 Locations of additional continual pilots in extended carrier mode

In extended carrier mode, extra continual pilotsadded to those defined in the previous sectiba.chrrier indices k
for the additional continual pilots are given inbl@aG.2 (see annex G) for each FFT size and sedtf#iot pattern.

9.24.3 Amplitudes of the Continual Pilots

The continual pilots are transmitted at boostedgrdewnels, where the boosting depends on the FfT $able 56
gives the modulation amplitude for each FFT size.

Table 56: Boosting for the continual pilots

FFT size

1K

2K

4K

8K

16K

32K

Acp

4/3

4/3

(4V2)/3

8/3

8/3

8/3

When a carrier's location is such that it wouldbth a continual and scattered pilot, the boostadge for the
scattered pilot pattern shall be usédg.

9.244 Modulation of the Continual Pilots
The phases of the continual pilots are derived filoerreference sequence given in clause 9.2.2.
The modulation value for the continual pilots isagi by:
Re{Cmd = 2 Acp (1/2 1)
Im{ cm,x}=0.

whereAcp is as defined in clause 9.2.4.3.

9.2.5

The edge carriers, carridesK,,i, andk=K,ax, are edge pilots in every symbol except for theaRd P2 symbol(s). They
are inserted in order to allow frequency intergotaup to the edge of the spectrum. The modulasfdhese cells is
exactly the same as for the scattered pilots, fasedein clause 9.2.3.3:

Edge pilot insertion

Re{cm,id = 2 Asp (1/2 1))

|m{ Cm,l,k} =0.
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9.2.6 P2 pilot insertion

9.2.6.1 Locations of the P2 pilots
In 32K SISO mode, cells in the P2 symbol(s) for stk mod 6 = 0 are P2 pilots.
In all other modes (including 32K MISO), cells hretP2 symbol(s) for whickmod 3 = 0 are P2 pilots.

In extended carrier mode, all cells for whi€hy, <k < K + Kexe and for whichKpax - Kext < K < Kiyax are also P2
pilots.

9.2.6.2 Amplitudes of the P2 pilots

The pilot cells in the P2 symbol(s) are transmitieboosted power levels. Table 57 gives the méidalamplitudeAe,
for the P2 pilots.

Table 57: Amplitude of P2 pilots

Mode Ap2
32K SISO \/3—7
5
All other modes
(including 32K ‘/ﬁ
MISO) 5
9.2.6.3 Modulation of the P2 pilots

The phases of the continual pilots are derived filoerreference sequence given in clause 9.2.2.
The corresponding modulation is given by:
Re{Cmid = 2 A, (L/2 -1)y)
Im{cn.,4 =0

Wheremis the T2-frame indeX is the frequency index of the carriers amslthe symbol index.

9.2.7 Insertion of frame closing pilots

When any of the combinations of FFT size, guardrirgtl and scattered pilot pattern listed in Taldgfdr SISO mode)
is used, the last symbol of the frame is a spéwaie closing symbol (see also clause 8.3.2). Fda®ng symbols
are always used in MISO mode, except with pilotggatPP8, when frame closing symbols are never. used

Table 58: Combinations of FFT size, guard interval and pilot pattern for
which frame closing symbols are used in SISO mode

FET size Guard interval
1/128 1/32 1/16 19/256 1/8 19/128 1/4
32K PP6 PP4 PP4 PP2 PP2 NA
PP7 PP4 PP4 PP2 PP2
16K PP6 PP5 PP5 PP3 PP3 PP1
PP4 PP4 PP2 PP2
8K PP7 | pps | pps | pp3 | pp3 | PP?
PP4 PP2
4K, 2K NA PP7 PP5 NA PP3 NA PP1
PP4 PP2
1K NA NA PP5 NA PP3 NA PP1
NOTE: The entry 'NA' indicates that the corresponding combination of FFT size
and guard interval is not allowed. An empty entry indicates that the
combination of FFT size and guard interval is allowed, but frame closing
symbols are never used
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9.2.7.1 Locations of the frame closing pilots

The cells in the frame closing symbol for whicmod Dy = 0 are frame closing pilots, whebDg is the value from
Table 51 for the scattered pilot pattern in usehVein FFT size of 1K with pilot patterns PP4 and,Rind with an FFT
size of 2K with pilot pattern PP7, carri€f..-1 shall be an additional frame closing pilot.

9.2.7.2 Amplitudes of the frame closing pilots

The frame closing pilots are boosted by the sarterfas the scattered pilotssp.

9.2.7.3 Modulation of the frame closing pilots
The phases of the continual pilots are derived filoareference sequence given in section 9.2.2.
The corresponding modulation is given by:
Re{Cmd = 2Asp(1/2-11y)
Im{G.4 =0

Wheremis the T2-frame indeX is the frequency index of the carriers &mglthe time index of the symbols.

9.2.8 Modification of the pilots for MISO

In MISO mode, the phases of the scattered, cortiedge and frame-closing pilots are modified ia signal
transmitted from any transmitter from transmittier11SO group 2.

The scattered pilots from transmitters in MISO gr@uare inverted compared to MISO group 1 on diterscattered-
pilot-bearing carriers:

Rec,, } = 2(-1)"'" A, @/2-1,,)
Im{ Cm,l,k} =0.

The continual pilots from transmitters in MISO gpd2 falling on scattered-pilot-bearing carriers ianerted compared
to MISO group 1 on carriers for which the scatteuidots are inverted; continual pilots on non-seagt-pilot-bearing
carriers are not inverted:

rdc. ] - 2(-)¥'> A @/2-1,,) kmodD, =0
ik 2A (W21, ) otherwise

|m{ Cm,l,k} =0.

The edge pilots from transmitters in MISO group @ iaverted compared to MISO group 1 on odd-numb&EDM
symbols:

Re{Cnid =2 (—ﬂ Asp (1/2-+))
|m{ Cm,l,k} =0.

The P2 pilots from transmitters in MISO group 2 iareerted compared to MISO group 1 on carriers wliodices are
odd multiples of three:

Re{ }_ 2(-D°*A,,@/2-1,,) kmod3=0
Tl 2AL, W2-T) otherwise

Im{ Cm,l,k} =0.

The frame closing pilots from transmitters in gr@igre inverted compared to group 1 on alternateesed-pilot-
bearing carriers:
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Re{cm,|,k} =2(-1)"'" A,p@/2-1,)
Im{ Cm,l,k} =0.

The locations and amplitudes of the pilots in MI&® the same as in SISO mode for transmitters fratim MISO
group 1 and MISO group 2 , but additional P2 piknts also added.

In normal carrier MISO mode, carriers in the P2 Isgtts) for whichk= Kin+1, k= Knint2, keKmax—2 antk=Ka—1 are
additional P2 pilots, but are the same for tranemstfrom both MISO group 1 and MISO group 2.

In extended carrier MISO mode, carriers in the @imol(s) for whichk= Kpin+tKex: +1, k= KinintKext +2, KeKmaxKex—2
andk=Kn.xKex—1 are additional P2 pilots, but are the sameréorsmitters from both MISO group 1 and MISO
group 2.

Hence for these additional P2 pilots in MISO mode:

Re{Cmd = 2 Az (1/12 +1))
|m{ Cm,l,k} =0.

Further additional P2 pilots are also added in Mi8@le in the cells adjacent to the Tone Reservattia which are
not already defined to be P2 pilots except wherelagljacent cells are also defined as Tone Res®reails.

The carrier indicek are therefore given:

K= k +1 k mod3=1k 0OS,,,k +10S;,
|k -1 kmod3=2k OS,,.k -10S,,

and $, is the set of reserved tones in the P2 symbohgivdable H.1 (see annex H).

9.3 Dummy carrier reservation

Some OFDM cells can be reserved for the purpofA&R reduction and they shall be initially settg=0+0.

In P2 symbol(s), the set of carriers correspontiincarrier indices defined in Table H.1 (see andgzhall be always
reserved in normal carrier mode. In extended cam@de, the reserved carrier indices shall be emutile values from
the table pluKe,. The reserved carrier indices shall not changesadhe P2 symbol(s), i.e., keep the same positions
across the P2 symbol(s).

In the data symbols excluding any frame closingtsylithe set of carriers corresponding to carniéides defined in
Table H.2 (see annex H) or their circularly shifsed of carriers shall be reserved depending onNDEIImbol index
of the data symbol, when TR is activated by a el 1 pre-signalling field, 'PAPR'. The amounsbfft between two
consecutive OFDM symbols shall be determined bys#paration of pilot bearing carrieBy and the number of
symbols forming one scattered pilot sequete(See Table 51 in clause 9.2.3.1). In the data syodreesponding to
data symbol indekof a T2-frame, the reserved carrier §thall be determined as:

i, + Dy *(ImodD,) normalcarriermode
i,0S,0sn<Ngr, Np, I <Np,+L

normal

S= i, + D, * [[I +E‘MJ mod DYJ extendedcarriermod

X

whereS, represents the set of reserved carriers corresppialcarrier indices defined in Table H.2 dng.. denotes
the number of data symbols, not including P2 orfeaaye closing symbol, in a T2-frame.

When the frame closing symbol is used (see clais@&)9the set of carriers in the frame closing lsghtorresponding
to the same carrier indices as for the P2 symhaléf)ned in Table H.1, shall be reserved when S Rctivated.

9.4 Mapping of data cells to OFDM carriers

Any cell ¢, ik in the P2 or data symbols which has not been datgd as a pilot (see clause 9.2) or as a restyned
(see clause 9.3) shall carry one of the data frelts the MISO processor, i.€y,x = €n,, The cells,,, for symboll in
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T2-framem shall be taken in increasing order of the indeand assigned @, « of the symbol in increasing order of
the carrier indek for the values ok in the rangdmi, < k< Kyax designated as data cells by the definition above.

9.5 IFFT - OFDM Modulation

This clause specifies the OFDM structure to use&mh transmission mode. The transmitted sigraiganized in
frames. Each frame has a duratioTgfand consists dfr OFDM symbolsNr, frames constitute one super-frame.

Each symbol is constituted by a sekef, carriers transmitted with a durati®g. It is composed of two parts: a useful
part with duratiorT , and a guard interval with a duratidnThe guard interval consists of a cyclic contimrabf the
useful part,T;, and is inserted before it. The allowed combimtiof FFT size and guard interval are defined in
table 61.

The symbols in an OFDM frame (excluding P1) are peirad from O td.—1. All symbols contain data and reference
information.

Since the OFDM signal comprises many separatelydtatet] carriers, each symbol can in turn be consiti® be
divided into cells, each corresponding to the matioih carried on one carrier during one symbol.

The carriers are indexed kyJ [K
is 1/T; while the spacing between carriégs;, andK

Kmax and determined bi¢;, andK .., The spacing between adjacent carriers
are determined b¥K(ar1)/T .

max

The emitted signal, when neither FEFs nor PAPRatalu are used, is described by the following eggian:
L1 K,

qt)=Re ejznfctoo t—m X ey k()
rr%‘,o ( -E \/TKtotalgo:k—Z:%lk ml,k

Where
jZIT%(t_A_TPl_ITS —m'I[:)
Yoot k) =4€ M +Tpy +ITg <t <mTe +Tpp +(1 +UTg
0 otherwise
and:
k denotes the carrier number;

I denotes the OFDM symbol number starting from QHerfirst P2 symbol of the frame;
m denotes the T2-frame number;

Kwta 1S the number of transmitted carriers definedabl& 60;

Le number of OFDM symbols per frame;

Tg  isthe total symbol duration for all symbols excef, andls = Ty + A;

Ty is the active symbol duration defined in Table 60;

A is the duration of the guard interval, see cl&.ige
fe is the central frequency of the RF signal;
K is the carrier index relative to the centre freogy, k' =k — K jax + Kimin) / 2

Cm,k IS the complex modulation value for carrieof the OFDM symbol numberin T2-frame numbem;

Tpy  is the duration of the P1 symbol, givenTay=2048T, andT is defined below.
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Te s the duration of a framelg = LgTg + Tpy

p.(t) isthe P1 waveform as defined in clause 9.8.2.4.

NOTE 1: The power of the P1 symbol is defined t@ssentially the same as the rest of the framesiba¢ the
rest of the frame is normalised based on the nuwiteansmitted carriers, the relative amplitudes o
carriers in the P1 compared to the carriers ohthrenal symbols will vary depending whether or not
extended carrier mode is used.

NOTE 2: The normalisation factor,/27 in the above equation approximately correctseraverage increase in

power caused by the boosting of the pilots, aneinsoires the power of the P1 symboal is virtually the
same as the power of the remaining symbols.

The OFDM parameters are summarisedable 60. The values for the various time-relat@dmeters are given in
multiples of the elementary periddand in microseconds. The elementary pefiasl specified for each bandwidth in
Table 59. For 8K, 16K and 32K FFT, an extended@amode is also defined.

Table 59: Elementary period as a function of bandwi  dth

Bandwidth 1,7 MHz 5 MHz 6 MHz 7 MHz 8 MHz 10 MHz (see note)

Elementary period T 71/131 ps 7140 us 7148 us 1/8 us 7164 us 7/80 us

NOTE:  This configuration is only intended for professional applications and is not expected to be supported by
domestic receivers.

Table 60: OFDM parameters

Parameter 1K mode PRKmode 4K mode 8K mode 16K 32K
mode mode
normal carrier mode 853 1705 3409 6 817 13 633 27 265
Number of carriers Kiota re;]x(’;(e;r;ded carrier NA NA NA 6913 13 921 27 841
. normal carrier mode 0 0 0 0 0 0
Value of carrier number extended carrier
Kmin NA NA NA 0 0 0
mode
. normal carrier mode 852 1704 3408 6 816 13 632 27 264
Value of carrier number extended carrier
Kmax mode NA NA NA 6912 13 920 27 840
Number of carriers added on each side in
extended carrier mode Key (see note 2) 0 0 0 48 144 288
Duration Ty 1024T 2048T 4096T 8192T 16384T 32768T
Duration Ty s (see note 3) 112 224 448 896 1792 3584
Carrier spacing 1/Ty (Hz) 8929 | 4464 | 2232 | 1116 558 279
(see notes 1 and 2)
Spacing between carriers |normal carrier mode |7,61 MHz |7,61 MHz |7,61 MHz |7,61 MHz |7,61 MHz |7,61 MHz
Kmin and Kmax (Kiwotar-1)/Tu  |extended carrier
(see note 3) mode NA NA NA 7,71 MHz | 7,77 MHz | 7,77 MHz
NOTE 1: Numerical values in italics are approximate values.
NOTE 2: This value is used in the definition of the pilot sequence in both normal and extended carrier mode.
NOTE 3: Values for 8 MHz channels.

9.6 PAPR Reduction

Two modifications of the transmitted OFDM signat atlowed in order to decrease PAPR. One or batimtques may
be used simultaneously. The use (or lack therddfeotechniques shall be indicated in L1 signgllisee clause 7.2).
The Active Constellation Extension technique iscdbgd in clause 9.6.1 and the Reserved Carridnriigoe is
described in clause 9.6.2. Both techniques, whed, e applied to the active portion of each OFBmbol (except
P1), and following this, guard intervals shall bedrted (see clause 9.7). The active constellatitension technique
shall not be applied to pilot carriers or reserigrtes nor when rotated constellations are usedc(gase 6.3).
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9.6.1 Active Constellation Extension

The Active Constellation Extension algorithm proelsi@ time domain signajcgthat replaces the original time
domain signalx = [xo, X1 s XN e _1J produced by the IFFT from a set of frequency domailues

X :lXO,Xl,"',XNFFT_]_J.

Threshold : Vgip

X XI X”
— IFFT 14 LPF n/4 Clip
X
_m_'_ XC XC
-+ FFT 14 LPF n/4
< Gain : G
+ [ "
XC XC
+ Saturate
.
Extendable Relm ¥ ACE
T T
Extension Limit : L & YeS ™~ IRe X ace
Extended —L> —— IFFT
& no — T Im
| |
.  —
Same sign? Rel Im

Figure 48: Implementation of the Active Constellati  on Extension algorithm
X'= [xo X1y XA gy _1J is obtained fromx through interpolation by a factor of 4.

The combination of IFFT, oversampling and lowpal$sring is implemented using zero padding andux fones
oversized IFFT operator.

X" = |_X0 XLt X4 ey _1J is obtained by applying a clipping operatonda
The clipping operator is defined as follows :
" Xic ’ it [ < Veip
M= Vclip ﬁ if "Xi(" ZVclip
The clipping threshold/;, is a parameter of the ACE algorithm.
Xe = |_XCO, Xeqs'**s XeNgpr _1J is obtained fronx” through decimation by a factor of 4.

The combination of lowpass filtering, downsamplargl FFT is implemented using a four times oversiZed
operator.

Xcis obtained fromx.through FFT.
A new signalXis obtained by combining; and X as follows :

Xt =X +G[{X, - X)
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X¢is obtained fromXusing a saturation operator which operates segaxaith real and imaginary components,

ensuring that individual component magnitude caexoted a given valuk .
ReX, ) if |ij;;,k

i Xek
-L if ReXgyp<-L

RdXxi =1 L if R

m{xe =4 L i m

The extension limitL is a parameter of the ACE algorithm.

X acgls then constructed by simple selection real arabimary components from those ¥f, X¢ .

'm{XACE,k} =

X acg IS obtained fromX g through IFFT.

m{x¢,} if |Im(Xé’k
Xek
—L it im{x)<-L

if Re{Xk} is extendable
RXek}  AND|REX: i) > Re{Xi}
ReX ace ) = AND ReX;, | Re{X,} >0

Re{Xk} else
if Im{Xk} is extendable

m{Xg, ] ANDim{X¢ > m{x}
AND Im{XZ  }am{x,} >0

Im{Xk} else

A component is defined as extendable if it belawwga data modulated cell, and if its absolute vaduegual to the
maximal component value associated to the modulamstellation used for that cell. As an examalepmponent

belonging to a 256 QAM modulated cell is extendatbiievalue is tlS/sqrt(l?O)

The value for the gai® shall be selectable in the range between 0 and 8teps of 1.

The clipping threshold/y;, shall be selectable in the range between +0 dBra@dr dB in 0,1 dB steps above the

standard deviation of the original time-domainnsig

The maximal extension value shall be selectable in the range between 0,7 dBLahdB in 0,1 dB steps.

When L is set to its maximum value, the maximal poweréase per carrier after extension is obtained fdBQ&nd

bounded to +6 dB.

9.6.2 PAPR reduction using reserved carriers

The reserved carriers described in clause 9.3 sballarry data nor L1/L2 signalling, but arbitragmplex values to
be used for PAPR reduction. The signal power ofi@aserved carrier shall not exceed 10 times tbeage power of

data carriers.
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9.6.2.1 Algorithm of PAPR reduction using reserved carriers

Signal peaks in the time domain are iterativelycetled out by a set of impulse-like kernels madagithe reserved
carriers. A reference kernel signal, is defined as:

p= Y L IRET )

TR

whereNgrr andNyr indicate the FFT size and the number of reseraedecs, respectively. Th&lf , 1) vectorlr
hasNrr elements of ones at the positions corresponditigetoeserved carrier indices and Hesf - Nrg) elements of
zeros at the others.

Denote the vector of peak reduction signatbgnd the vector of time domain data signakbthen the procedures of
the PAPR reduction algorithm are as follows:

Initiali zation:
The initial values for peak reduction signal areteezeros:
co :[0...0]T

wherec?” means the vector of the peak reduction signal coeapinith iteration.
[teration:

1) i starts from 1.

2)  Find the maximum magnitude off c"), y; and the corresponding sample indexin theith iteration.

yi=mr§1X‘>§1+(f)‘ forn=0,1;-- Neer - 1

m=argmafx + ¢'| o

wherex, andc,” represent the nth element of vectandc?, respectively. If; is less than or equal to a
desired clipping magnitude leval;, then decreasieby 1 and go to the step 5.

3) Update the vector of peak reduction sigidabs

(i)
C(i) :C(i’l)_aip(m) , Where a, :X“%( y- Mp),

wherep(m) denotes the vector circularly shiftedimy of whichk-th element isPx (m)= Ri-m)mody

4) Ifiis less than a maximum allowed number of iteratiancrease by land return to step 2. Otherwise, go to
step 5.

5) Terminate the iterations. Transmitted signals obtained by adding the peak reduction sign#heéadata
signal:

x =x+cl)

9.7 Guard interval insertion

Seven different guard interval fractiod¥T,) are defined. Table 61 gives the absolute guashial duratior,
expressed in multiples of the elementary periodeE (clause 9.5) for each combination of FFT sizegarard interval
fraction. Some combinations of guard interval fiattand FFT size shall not be used and are makg&dn the table.
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Table 61: Duration of the guard interval interms o fthe elementary period T

FET size Guard interval fraction  (A/Ty)

1/128 1/32 1/16 19/256 1/8 19/128 1/4
32K 256T | 1024T | 2048T | 2432T | 4096T | 4864T NA
16K 128T 512T | 1024T | 1216T | 2048T | 2432T | 4096T

8K 64T 256T 512T 608T | 1024T | 1216T | 2048T
4K NA 128T 256T NA 512T NA 1024T
2K NA 64T 128T NA 256T NA 512T
1K NA NA 64T NA 128T NA 256T

The emitted signal, as described in clause 9.5jdes the insertion of guard intervals when PARRicton is not
used. If PAPR reduction is used, the guard intershhll be inserted following PAPR reduction.

9.8 P1 Symbol insertion

9.8.1 P1 Symbol overview

Preamble symbol P1 has four main purposes. Fistuged during the initial signal scan for fastognition of the T2
signal, for which just the detection of the P1lnsugh. Construction of the symbol is such thatfeequency offsets
can be detected directly even if the receiverngtito the nominal centre frequency. This savasseg time as the
receiver doesn't have to test all the possibleetsffseparately.

The second purpose for P1 is to identify the prdaritgelf as a T2 preamble. The P1 symbol is shahit can be used
to distinguish itself from other formats used ie #EF parts coexisting in the same super framethihgtask is to
signal basic TX parameters that are needed to dabedrest of the preamble which can help duriegrtialisation
process. The fourth purpose of P1 is to enabledt®iver to detect and correct frequency and timyrgchronization.

9.8.2 P1 Symbol description

P1 is a 1K OFDM symbol with two 1/2 "guard interifie" portions added. The total symbol lasts 24n 8 MHz
system, comprising 118, the duration of the useful part ‘A’ of the syhilos two modified ‘guard-interval' sections
'C'and 'B' of roughly 5@s (542 samples) and %8 (482 samples).

BODY P2 | BODY

1K Symbol
c | 4+ [8]
f

SH fSH

Toic = 59US  Tpya = 112 us  Tpyp = 53us

Figure 49: P1 symbol structure
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Out of the 853 useful carriers of a 1K symbol, cBdyl are used, leaving others set to zero. The eeeigrs occupy
roughly 6,83 MHz band from the middle of the norhin®1 MHz signal bandwidth. Design of the symtsobuch that
even if a maximum offset of 500 kHz is used, mdghe used carriers in P1 symbol are still withie 7,61 MHz
nominal bandwidth and the symbol can be recoveriidthe receiver tuned to nominal centre frequefte first
active carrier corresponds to 44, while the lagt isrB09.

3 7.61 MHz X
L 6.83 MHz X

Carrier 01 444 4 444 888 88 8

index 345 7 222 000 01 5

567 567 90 2

T Active T Unused
Carrier Carrier

Figure 50: Active carriers of the P1 symbol

The scheme in Figure 51 shows how the P1 symlygrierated. Later sections describe each functsteplin detail.

CDS
Table l
. C-A-B
DBPSK ; Padding to IFFT
Scramblin -
Mapping ™ 9> 1K carriers [ ] 1K > Str(lfmt;”e P1
SH

——| Signalling
S1 . 4T

—> MSS

Figure 51: Block diagram of the P1 symbol generatio n

9.8.2.1 Carrier Distribution in P1 symbol

The active carriers are distributed using the Yl algorithm: out of the 853 carriers of the Irbol, the 766
carriers from the middle are considered. From tié&ecarriers, only 384 carry pilots; the others et to zero. In
order to identify which of the 766 carriers are\agtthree complementary sequences are concatemiageléngth of the
two sequences at the ends is 128, while the sequernice middle is 512 chips long. The last twa loit the third
concatenated sequence are zero, resulting in fi6rsavhere 384 of them are active carriers.

The resulting carrier distribution is shown in TabR.
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Modulation
Sequence
(see clause 9.8.2.2)

Active Carriers in P1
kp1(0)..kp1(383)

kp1(0)..kp1(63)
CSSs1

44 45 47 51
94 96 97 98

125
152

127
153

131
154

54 59 62 64

102
132
158

107
133
160

110
135
161

65 66 70 75

112
136
162

113
137
166

114
138
171

78 80 81 82

116
142

117
144

119
145

84 85 87 88

120
146

121
148

122
149

kp1(64)..Kp1(319)
CSSs2

172
212
244
270
300
340
374
415
449
481
511
537
569
598
628
654

173
213
245
272
301
341
379
419
450
482
515
538
570
603
629
656

175
215
247
273
303
343
382
420
454
486
516
542
572
604
631
657

179
216
248
274
307
344
384
421
459
491
517
544
573
605
632
658

182
217
249
276
310
345
385
423
462
494
519
545
575
607
633
660

187
218
250
277
315
346
386
424
464
496
520
546
579
611
634
661

190
222
252
279
318
350
390
425
465
497
521
550
580
612
636
663

192
224
253
280
320
352
395
426
466
498
522
555
581
613
637
664

193
225
255
281
321
353
396
428
468
500
526
558
583
615
639
665

194
226
259
282
322
354
397
429
469
501
528
560
584
616
643
666

198
230
260
286
326
358
399
431
471
503
529
561
585
617
644
670

203
235
261
288
331
363
403
435
472
504
530
562
586
618
645
672

206
238
263
289
334
364
406
438
473
505
532
564
588
622
647
673

208
240
264
290
336
365
411
443
474
506
533
565
589
624
648
674

209
241
265
294
337
367
412
446
478
508
535
567
591
625
649
678

kp1(320)..kp1(383)
CSSs1

684
712
733
760
780

689
714
734
762
785

692
715
735
763
788

696
717
736
765
792

698
718
738
766
794

699
719
739
767
795

701
720
740
768
796

702
722
744
770
801

703
723
746
771
805

704
725
747
772
806

706
726
748
776
807

707
727
753
778
809

9.8.2.2

Modulation of the Active Carriers in P1

Active carriers are DBPSK modulated with a modolapattern. The patterns, described later, enaedesignalling
fields S1 and S2. Up to 8 values (can encode B dniid 16 values (can encode 4 bits) can be sighalleach field,
respectively. Patterns to encode S1 are baseddh@&jonal sets of 8 complementary sequences gttieh(total
length of each S1 pattern is 64), while patternsnttode S2 are based of 16 orthogonal sets ofrhfilementary
sequences of length 16 (total length of each S2npeis 256).

The two main properties of these patterns are:

a) The sum of the auto-correlations (SoAC) of all $equences of the set is equal to a Kronecker delta,
multiplied byKN factor, beink the number of the sequences of each selNahe length of each sequence.
In the case of SK=N=8; in the case of SK=N=16.

b) Each set of sequences are mutually uncorrelated ¢alled "mates").

The S1 and S2 modulation patterns are shown ireTedl
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Table 63: S1 and S2 Modulation patterns

Field Val Sequence (Hexadecimal notation)

S1 [o00 124721741D482ET7B

001 47127421481D7B2E

010 217412472E7B1D48

011 742147127B2E481D

100 1D482E7B12472174

101 481D7B2E47127421

110 2E7B1DA821741247

111 7B2E481D74214712

S2 [0000 [121D4748212E747B1D1248472E217B7412E247B721D174841DED48B82EDE7BSB
0001  [4748121D747B212E48471D127B742E2147B712E2748421D148B81DED7B8B2EDE
0010 [212E747B121D47482E217B741D12484721D1748412E247B72EDE7B8B1DED48BS
0011 |747B212E4748121D7B742E2148471D12748421D147B712E27B8B2EDE48B81DED
0100 |1D1248472E217B74121D4748212E747B1DEDA8B82EDE7B8B12E247B721D17484
0101  |48471D127B742E214748121D747B212E48B81DED7B8B2EDE4A7B712E2748421D1
0110 |2E217B741D124847212E747B121D47482EDE7B8B1DED48B821D1748412E247B7
0111 |7B742E2148471D12747B212E4748121D7B8B2EDE48B81DED748421D147B712E2
1000 |12E247B721D174841DED48B82EDE7B8B121D4748212E747B1D1248472E217B74
1001  |47B712E2748421D148B81DED7B8B2EDEA748121D747B212E48471D127B742E21
1010 |21D1748412E247B72EDE7B8B1DED48B8212E747B121D47482E217B741D124847
1011 |748421D147B712E27B8B2EDE48B81DED747B212E4748121D7B742E2148471D12
1100 |1DED48B82EDE7B8B12E247B721D174841D1248472E217B74121D4748212E7478
1101  |48B81DED7B8B2EDE4A7B712E2748421D148471D127B742E214748121D747B212E
1110 |2EDE7B8B1DED48B821D1748412E247B72E217B741D124847212E747B121D4748
1111  |7B8B2EDE48B81DED748421D147B712E27B742E2148471D12747B212E4748121D

The bit sequencesSS; =(CSR1p... CSS169 andCSI=(CSS,p... CSS, 259 for given values of S1 and S2
respectively is obtained by taking the correspogdiiexadecimal sequence from left to right and f\M8B to LSB, i.e.
CSS1is the MSB of the first hexadecimal digit 2883, ¢3is the LSB of the last digit of the S1 sequence.

The final modulation signal is obtained as follow:

1)

The Modulation sequence is obtained by concatep#tie twoCSS; andCSS, sequences; theSS;
sequence is attached at both sides 088,

{MSS_SEQ.MSS SEQ,j} ={CSS,, CSS,,CSS,}

2)

3)

={CSSG.(:.-1CSG 45, CSG,01--1CSS, 255: CSSy 01, CSS 65t

Then, the sequence is modulated using DBPSK:

MSS_DIFF = DBPSK(MSS_SEQ
The following rule applies for the differential thdation of elemenit of theMSS_SEQ

MSS DIFF., MSS_SEQ=0

MSS_DIFF, =
- -MSS_DIFF, MSS SEQ=1

The differential encoding is started from "dummmglue of +1, i.e.MSS_DIFF, = +1 by definition. This bit is
not applied to any carrier.

A scrambling is applied on the MSS_DIFF by bit-by+hultiplying by a 384-bit scrambler sequence:
MSS_SCR= SCRAMBLINGMSS DIFF}

The scrambler sequence shall be equal to the 3g8dHesequence of '+1' or -1'converted from thet 884 bits
(PRBS...PRBSs3 of the PRBS generator described in clause 5.#hdinitial state '100111001000110', where a PRBS
generator output bit with a value of '0' is conedrinto '+1' and a PRBS generator output bit wittalae of '1' is
converted into -1".

4)

MSS_SCR=MSS_DIFF, 2@ - PRBSJ

The scrambled modulation pattern is applied tcettteve carriers.
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EXAMPLE: If S1=000 and S2=0000, then:

The sequence is:

MSS_SEQ={1247.2E7B,121D...7B8B,1247.2E7B}
%/—J %/—J

Ccssy CS%2 Ccssy
={0001...., 1011,0001...., 1011,0001...,1011}
CSSy CSS, €Sy,

Then, DBPSK is applied:

MSS_DIFF ={111-1,...41- 11,111-1...11- 11,111-1...11-11}

CSSy CSS;, €Sy,

The DBPSK output is scrambled by the scramblingisege SCR_SEQ

SCR_SEQ= 2(% - PRBS)
={-11-11...71-111,-1-1-1-1,...1-1- 11,11-1-1,...11-11}

64 256 64

after scrambling:

MSS_SCR={-11-1-1..-1-1-11,-1-1-11...1- 111,11-11,...,1111}

Cs$, CSS, CS§,

The scrambled modulation MSS is mapped to theectwriers, MSB first:

Cas =-1 Css5 ::LC47 =-1 C51:_:L""Cl7l:1
(':172:_:L C173:_:L C175:_:L---'Ceaaz:l-
Coga =L .-, Cgo5 =1 Gypg =1, Gy =1, oo =1

wherec, is the modulation applied to carrier

The equation for the modulation of the P1 carriggiven in clause 9.8.2.4.

9.8.2.3 Boosting of the Active Carriers

Taking into account that in a 1K OFDM symbol onBB8carriers are used, and in P1 there are onlya88¢¥e carriers,
the boosting applied to the P1 active carriersvsltage ratio of,/(853/384 or 3,47 dB.

9.8.24 Generation of the time domain P1 signal

9.8.24.1 Generation of the main part of the P1 signal

The useful part ‘A’ of the P1 signal is generatethfthe carrier modulation values, according tofttiewing equation:

383 i2 en(1)=426,

plA(t):ﬁz MSS SCRxe 1027
i=0

wherek(i) fori=0,1,... , 383 are the indices of the 384 activeieesy in increasing order, as defined in 9.8.2.1.
MSS_SCRori=0,1,..., 383 are the modulation values for thévadaarriers as defined in clause 9.8.2.2, &isl
the elementary time period and is defined in Ta8le
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9.8.24.2 Frequency Shifted repetition in Guard Intervals

In order to improve the robustness of the P1, tuarg intervals are defined at both sides of théulipart of the
symbol. Instead of cyclic continuation like norn@#DM symbols, a frequency shift version of the sghib used.
Thus, denoting P1[C], the first guard interval, Althe main part of the symbol and P1[B] the lasagl interval of the
symbol, P1[C] carries the frequency shifted versibthe first 542T of P1[A], while P1[B] conveysdlirequency
shifted version of the last 482T of P1[A] (see F&d9).

The frequency shiftsf; applied to P1[C] and P1[B] is:
fSH =l/(1024]')

The time-domain baseband waveforg{t)pof the P1 symbol is therefore defined as fodow

.2
plA(t)eJm 0<t<542T
_ | pralt -5421) 5427 <t <1566
pa(t) = o
pialt-10247)e 10247 1566< t < 2048
0 otherwise

10 Spectrum characteristics

The OFDM symbols constitute a juxtaposition of dyuspaced orthogonal carriers. The amplitudes aimases of the
data cell carriers are varying symbol by symbobading to the mapping process previously described.

The power spectral density: i) of each carrier at frequency:

fk' = f +£for _ Ktotal -1 <k'< Ktotal -1
° T 2 2

u

is defined by the following expression:

sinz(f - fo)Ts |°
A~ Tie)Ts

The overall power spectral density of the modulatath cell carriers is the sum of the power spkedteasities of all
these carriers. A theoretical DVB transmission aigpectrum is illustrated in figure 52 (for 8 MElzannels). Because
the OFDM symbol duration is larger than the inveykthe carrier spacing, the main lobe of the posyerctral density
of each carrier is narrower than twice the caspacing. Therefore the spectral density is notteonsvithin the
nominal bandwidth.

Hc(f){

NOTE: This theoretical spectrum takes no accouthefvariations in power from carrier to carrieusad by the
boosting of the pilot carriers
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10 T T T T T T T
1K
2K
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32K
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Figure 52a: Theoretical DVB-T2 signal spectrum for  guard interval fraction 1/8
(for 8 MHz channels and with extended carrier mode  for 8K, 16K and 32K)
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fresgquesnisy, WMHe freladive to contra fregquenosy
Figure 52b: Detail of theoretical DVB-T2 spectrum f  or guard interval fraction 1/8 (for 8 MHz channels)

No specific requirements are set in terms of tleetspm characteristics after amplification ancefilhg, since it is
considered to be more appropriately defined byefevant national or international authority, degiag on both the
region and the frequency band in which the T2 systeto be deployed.

NOTE: Note that the use of PAPR reduction techrsgiescribed here can significantly help to redhedével

of out-of-band emissions following high power arfipiition. It is assumed that these techniques are
likely to be needed when the extended carrier madeseing used.

DVB BlueBook A122



109 TM 3980 Rev. 5

Annex A (normative):
Addresses of parity bit accumulators for Nigpc = 64 800

Example of interpretation of the Table A.1.

Psa = Psaio Posis= Pozislio  Prazer= PrazeUio  Pazser= Porserlio  Paseoe= Pasgoslio  Prozie= Pioz1gU io
Pas3a = Paszalllo  Pssg7 = Pgserlig

Pras = PraaUi1  Posog = Posos i1 Prass2= Praas20l1  Pozesi= Pazesillii  Pasogo™= Pasoooll i1 Prosos = Piosool iy
Pas24 = Pas2ai1  Pesg7 = Peeszlia

P32364= P3236ali359  Pon2g = Po2ogUissg  Prazor ™ Prazo2Uisse  P27a71= Paza7allizse  Passio™ Posgiol issg
P10120= Pro1290 i359  P2424= P24240 1359 Pgso7= Pesor D izse

Pss = Pss izs0  Prasa= Praesllizeo Pasas= PasssUiseo Pasao= Paszolizeo Pasizo= Pasizol iseo
P3033= P3033U i360 P23s30= P23s300 iz60 Paes1= Passil izeo
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Table A.1: Rate 1/2 (Njgp. = 64 800)

54 9318 14392 27561 26909 10219 2534 8597
55 7263 4635 2530 28130 3033 23830 3651

56 24731 23583 26036 17299 5750 792 9169

57 5811 26154 18653 11551 15447 13685 16264
58 12610 11347 28768 2792 3174 29371 12997
59 16789 16018 21449 6165 21202 15850 3186
60 31016 21449 17618 6213 12166 8334 18212
61 22836 14213 11327 5896 718 11727 9308

62 2091 24941 29966 23634 9013 15587 5444
63 22207 3983 16904 28534 21415 27524 25912
64 25687 4501 22193 14665 14798 16158 5491
65 4520 17094 23397 4264 22370 16941 21526
66 10490 6182 32370 9597 30841 25954 2762
67 22120 22865 29870 15147 13668 14955 19235
68 6689 18408 18346 9918 25746 5443 20645
69 29982 12529 13858 4746 30370 10023 24828
70 1262 28032 29888 13063 24033 21951 7863
71 6594 29642 31451 14831 9509 9335 31552
72 1358 6454 16633 20354 24598 624 5265

73 19529 295 18011 3080 13364 8032 15323

74 11981 1510 7960 21462 9129 11370 25741
75 9276 29656 4543 30699 20646 21921 28050
76 15975 25634 5520 31119 13715 21949 19605
77 18688 4608 31755 30165 13103 10706 29224
78 21514 23117 12245 26035 31656 25631 30699
79 9674 24966 31285 29908 17042 24588 31857
80 21856 27777 29919 27000 14897 11409 7122
81 29773 23310 263 4877 28622 20545 22092
82 15605 5651 21864 3967 14419 22757 15896
83 30145 1759 10139 29223 26086 10556 5098
84 18815 16575 2936 24457 26738 6030 505

85 30326 22298 27562 20131 26390 6247 24791
86 928 29246 21246 12400 15311 32309 18608
87 20314 6025 26689 16302 2296 3244 19613
88 6237 11943 22851 15642 23857 15112 20947
89 26403 25168 19038 18384 8882 12719 7093
0 14567 24965

13908 100

210279 240

3 24102 764

412383 4173

513861 15918

6 21327 1046

7 5288 14579

8 28158 8069

9 16583 11098

10 16681 28363

11 13980 24725

12 32169 17989

13 10907 2767

14 21557 3818

15 26676 12422

16 7676 8754

17 14905 20232

18 15719 24646

19 31942 8589

110

20 19978 27197
21 27060 15071
22 6071 26649
23 10393 11176
24 9597 13370
257081 17677
26 1433 19513
27 26925 9014
28 19202 8900
29 18152 30647
30 20803 1737
31 11804 25221
32 31683 17783
33 29694 9345
34 12280 26611
35 6526 26122
36 26165 11241
37 7666 26962
38 16290 8480
39 11774 10120
40 30051 30426
41 1335 15424
42 6865 17742
43 31779 12489
44 32120 21001
45 14508 6996
46 979 25024
47 4554 21896
48 7989 21777
49 4972 20661
50 6612 2730
51 12742 4418
52 29194 595
53 19267 20113
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Table A.2: Rate 3/5 ( Njgpc = 64 800)

22422 10282 11626 19997 11161 2922 3122 99 5625 17064 8270 179

25087 16218 17015 828 20041 25656 4186 11629 22599 17305 22515 6463
11049 22853 25706 14388 5500 19245 8732 2177 13555 11346 17265 3069
16581 22225 12563 19717 23577 11555 25496 6853 25403 5218 15925 21766
16529 14487 7643 10715 17442 11119 5679 14155 24213 21000 1116 15620
5340 8636 16693 1434 5635 6516 9482 20189 1066 15013 25361 14243
18506 22236 20912 8952 5421 15691 6126 21595 500 6904 13059 6802
8433 4694 5524 14216 3685 19721 25420 9937 23813 9047 25651 16826
21500 24814 6344 17382 7064 13929 4004 16552 12818 8720 5286 2206
22517 2429 19065 2921 21611 1873 7507 5661 23006 23128 20543 19777
1770 4636 20900 14931 9247 12340 11008 12966 4471 2731 16445 791
6635 14556 18865 22421 22124 12697 9803 25485 7744 18254 11313 9004
19982 23963 18912 7206 12500 4382 20067 6177 21007 1195 23547 24837
756 11158 14646 20534 3647 17728 11676 11843 12937 4402 8261 22944
9306 24009 10012 11081 3746 24325 8060 19826 842 8836 2898 5019

7575 7455 25244 4736 14400 22981 5543 8006 24203 13053 1120 5128
3482 9270 13059 15825 7453 23747 3656 24585 16542 17507 22462 14670
15627 15290 4198 22748 5842 13395 23918 16985 14929 3726 25350 24157
24896 16365 16423 13461 16615 8107 24741 3604 25904 8716 9604 20365
3729 17245 18448 9862 20831 25326 20517 24618 13282 5099 14183 8804
16455 17646 15376 18194 25528 1777 6066 21855 14372 12517 4488 17490
1400 8135 23375 20879 8476 4084 12936 25536 22309 16582 6402 24360
25119 23586 128 4761 10443 22536 8607 9752 25446 15053 1856 4040

377 21160 13474 5451 17170 5938 10256 11972 24210 17833 22047 16108
13075 9648 24546 13150 23867 7309 19798 2988 16858 4825 23950 15125
20526 3553 11525 23366 2452 17626 19265 20172 18060 24593 13255 1552
18839 21132 20119 15214 14705 7096 10174 5663 18651 19700 12524 14033
4127 2971 17499 16287 22368 21463 7943 18880 5567 8047 23363 6797
10651 24471 14325 4081 7258 4949 7044 1078 797 22910 20474 4318
21374 13231 22985 5056 3821 23718 14178 9978 19030 23594 8895 25358
6199 22056 7749 13310 3999 23697 16445 22636 5225 22437 24153 9442
7978 12177 2893 20778 3175 8645 11863 24623 10311 25767 17057 3691
20473 11294 9914 22815 2574 8439 3699 5431 24840 21908 16088 18244
8208 5755 19059 8541 24924 6454 11234 10492 16406 10831 11436 9649
16264 11275 24953 2347 12667 19190 7257 7174 24819 2938 2522 11749
3627 5969 13862 1538 23176 6353 2855 17720 2472 7428 573 15036

0 18539 18661

1 10502 3002

29368 10761

3 12299 7828

4 15048 13362

5 18444 24640

6 20775 19175

7 18970 10971

8 5329 19982

9 11296 18655

10 15046 20659

11 7300 22140

12 22029 14477

13 11129 742

14 13254 13813

15 19234 13273
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16 6079 21122
17 22782 5828
18 19775 4247
19 1660 19413
20 4403 3649
21 13371 25851
2222770 21784
23 10757 14131
24 16071 21617
256393 3725
26 597 19968
27 5743 8084
28 6770 9548
29 4285 17542
30 13568 22599
311786 4617
32 23238 11648
3319627 2030
34 13601 13458
3513740 17328
36 25012 13944
37 22513 6687
38 4934 12587
3921197 5133
40 22705 6938
41 7534 24633
42 24400 12797
43 21911 25712
44 12039 1140
45 24306 1021
46 14012 20747
47 11265 15219
48 4670 15531
49 9417 14359
50 2415 6504
51 24964 24690
52 14443 8816
536926 1291
54 6209 20806
55 13915 4079
56 24410 13196
57 13505 6117
58 9869 8220
59 1570 6044
60 25780 17387
61 20671 24913
62 24558 20591
63 12402 3702
64 8314 1357
65 20071 14616
66 17014 3688
67 19837 946
68 15195 12136
69 7758 22808
70 3564 2925
71 34347769
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0 10491 16043 506 12826 8065 8226 2767 240 18673 9279 10579 20928
117819 8313 6433 6224 5120 5824 12812 17187 9940 13447 13825 18483

2 17957 6024 8681 18628 12794 5915 14576 10970 12064 20437 4455 7151
3 19777 6183 9972 14536 8182 17749 11341 5556 4379 17434 15477 18532
4 4651 19689 1608 659 16707 14335 6143 3058 14618 17894 20684 5306
59778 2552 12096 12369 15198 16890 4851 3109 1700 18725 1997 15882

6 486 6111 13743 11537 5591 7433 15227 14145 1483 3887 17431 12430

7 20647 14311 11734 4180 8110 5525 12141 15761 18661 18441 10569 8192
8 3791 14759 15264 19918 10132 9062 10010 12786 10675 9682 19246 5454
9 19525 9485 7777 19999 8378 9209 3163 20232 6690 16518 716 7353

10 4588 6709 20202 10905 915 4317 11073 13576 16433 368 3508 21171

11 14072 4033 19959 12608 631 19494 14160 8249 10223 21504 12395 4322

12 13800 14161
13 2948 9647
14 14693 16027
15 20506 11082
16 1143 9020
17 13501 4014
18 1548 2190
19 12216 21556
20 2095 19897
21 4189 7958
22 15940 10048
23 515 12614
24 8501 8450
25 17595 16784
26 5913 8495
27 16394 10423
28 7409 6981
29 6678 15939
30 20344 12987
31 2510 14588
32 17918 6655
33 6703 19451
34 496 4217

35 7290 5766
36 10521 8925
37 20379 11905
38 4090 5838
39 19082 17040
40 20233 12352
41 19365 19546
42 6249 19030
43 11037 19193
44 19760 11772
45 19644 7428
46 16076 3521
47 11779 21062
48 13062 9682
49 8934 5217
50 11087 3319
51 18892 4356
52 7894 3898
53 5963 4360
54 7346 11726
55 5182 5609
56 2412 17295
57 9845 20494
58 6687 1864
59 20564 5216
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Table A.3: Rate 2/3 (Njqy. = 64 800)

018226 17207
19380 8266
27073 3065
318252 13437
49161 15642
510714 10153
6 11585 9078

7 5359 9418
89024 9515

9 1206 16354
10 14994 1102
11 9375 20796
12 15964 6027
13 14789 6452
14 8002 18591
15 14742 14089
16 253 3045

17 1274 19286
18 14777 2044
19 13920 9900
20 452 7374

21 18206 9921
22 6131 5414
2310077 9726
24 12045 5479
254322 7990
26 15616 5550
27 15561 10661
28 20718 7387
29 2518 18804
30 8984 2600
316516 17909
3211148 98

33 20559 3704
34 7510 1569
3516000 11692
36 9147 10303
37 16650 191
38 15577 18685
3917167 20917
40 4256 3391
41 20092 17219
42 9218 5056
43 18429 8472
44 12093 20753
45 16345 12748
46 16023 11095
47 5048 17595
48 18995 4817
49 16483 3536
50 1439 16148
51 3661 3039
52 19010 18121
53 8968 11793
54 13427 18003
55 5303 3083
56 531 16668
57 4771 6722
58 5695 7960
59 3589 14630
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Table A.4: Rate 3/4 ( Ny

06385 7901 14611 13389 11200 3252 5243 2504 2722 821 7374

1 11359 2698 357 13824 12772 7244 6752 15310 852 2001 11417
27862 7977 6321 13612 12197 14449 15137 13860 1708 6399 13444
3 1560 11804 6975 13292 3646 3812 8772 7306 5795 14327 7866
4 7626 11407 14599 9689 1628 2113 10809 9283 1230 15241 4870
5 1610 5699 15876 9446 12515 1400 6303 5411 14181 13925 7358
6 4059 8836 3405 7853 7992 15336 5970 10368 10278 9675 4651
7 4441 3963 9153 2109 12683 7459 12030 12221 629 15212 406

8 6007 8411 5771 3497 543 14202 875 9186 6235 13908 3563

9 3232 6625 4795 546 9781 2071 7312 3399 7250 4932 12652

10 8820 10088 11090 7069 6585 13134 10158 7183 488 7455 9238
11 1903 10818 119 215 7558 11046 10615 11545 14784 7961 15619
12 3655 8736 4917 15874 5129 2134 15944 14768 7150 2692 1469
13 8316 3820 505 8923 6757 806 7957 4216 15589 13244 2622

14 14463 4852 15733 3041 11193 12860 13673 8152 6551 15108 8758
15 3149 11981

16 13416 6906

17 13098 13352

18 2009 14460

19 7207 4314

20 3312 3945

21 4418 6248

22 2669 13975

23 7571 9023

24 14172 2967

257271 7138

26 6135 13670

27 7490 14559

28 8657 2466

29 8599 12834

30 3470 3152

31 13917 4365

32 6024 13730

33 10973 14182

34 2464 13167

35 5281 15049

36 1103 1849

37 2058 1069

38 9654 6095

39 14311 7667

40 15617 8146

41 4588 11218

42 13660 6243

43 8578 7874

44 11741 2686

0 1022 1264

1 12604 9965

2 8217 2707

3 3156 11793

4 354 1514

5 6978 14058

6 7922 16079

7 15087 12138

8 5053 6470

9 12687 14932

10 15458 1763

11 8121 1721

12 12431 549

13 4129 7091

14 1426 8415

15 9783 7604

16 6295 11329

17 1409 12061

18 8065 9087

19 2918 8438

20 1293 14115

21 3922 13851

22 3851 4000
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= 64 800)

23 5865 1768
24 2655 14957
25 5565 6332
26 4303 12631
27 11653 12236
28 16025 7632
29 4655 14128
309584 13123
31 13987 9597
32 15409 12110
33 8754 15490
34 7416 15325
35 2909 15549
36 2995 8257
37 9406 4791
3811111 4854
39 2812 8521
40 8476 14717
41 7820 15360
42 1179 7939
43 2357 8678
44 7703 6216
03477 7067
13931 13845
27675 12899
31754 8187

4 7785 1400
59213 5891

6 2494 7703

7 2576 7902

8 4821 15682
910426 11935
10 1810 904

11 11332 9264
12 11312 3570
13 14916 2650
14 7679 7842
15 6089 13084
16 3938 2751
17 8509 4648
18 12204 8917
19 5749 12443
20 12613 4431
21 1344 4014
22 8488 13850
23 1730 14896
24 14942 7126
25 14983 8863
26 6578 8564
27 4947 396

28 297 12805
29 13878 6692
30 11857 11186
31 14395 11493
32 16145 12251
33 13462 7428
34 14526 13119
35 2535 11243
36 6465 12690
37 6872 9334
38 15371 14023
39 8101 10187
40 11963 4848
41 151256119
42 8051 14465
43 11139 5167
44 2883 14521
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Table A.5: Rate 4/5 ( Ny = 64 800)

0 149 11212 5575 6360 12559 8108 8505 408 10026 12828
15237 490 10677 4998 3869 3734 3092 3509 7703 10305
2 8742 5553 2820 7085 12116 10485 564 7795 2972 2157
3 2699 4304 8350 712 2841 3250 4731 10105 517 7516

4 12067 1351 11992 12191 11267 5161 537 6166 4246 2363
56828 7107 2127 3724 5743 11040 10756 4073 1011 3422
6 11259 1216 9526 1466 10816 940 3744 2815 11506 11573
7 4549 11507 1118 1274 11751 5207 7854 12803 4047 6484
8 8430 4115 9440 413 4455 2262 7915 12402 8579 7052

9 3885 9126 5665 4505 2343 253 4707 3742 4166 1556

10 1704 8936 6775 8639 8179 7954 8234 7850 8883 8713
11 11716 4344 9087 11264 2274 8832 9147 11930 6054 5455
12 7323 3970 10329 2170 8262 3854 2087 12899 9497 11700
13 4418 1467 2490 5841 817 11453 533 11217 11962 5251
14 1541 4525 7976 3457 9536 7725 3788 2982 6307 5997
15 11484 2739 4023 12107 6516 551 2572 6628 8150 9852
16 6070 1761 4627 6534 7913 3730 11866 1813 12306 8249
17 12441 5489 8748 7837 7660 2102 11341 2936 6712 11977
18 10155 4210

19 1010 10483

20 8900 10250

21 10243 12278

22 7070 4397

23 12271 3887

24 11980 6836

25 9514 4356

26 7137 10281

27 11881 2526

28 1969 11477

29 3044 10921

30 2236 8724

31 9104 6340

32 7342 8582

33 11675 10405

34 6467 12775

35 3186 12198

09621 11445

17486 5611

2 4319 4879

3 2196 344

4 7527 6650

5 10693 2440

6 6755 2706

7 5144 5998

8 11043 8033

9 4846 4435

10 4157 9228

11 12270 6562

12 11954 7592

13 7420 2592

14 8810 9636

15 689 5430

16 920 1304

17 1253 11934

18 9559 6016

19 312 7589

20 4439 4197

21 4002 9555

22 12232 7779

23 1494 8782

24 10749 3969

25 4368 3479

26 6316 5342

27 2455 3493

28 12157 7405

29 6598 11495

30 11805 4455

31 9625 2090

32 4731 2321

33 3578 2608

34 8504 1849

35 4027 1151
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05647 4935
14219 1870
210968 8054
3 6970 5447
43217 5638
58972 669
65618 12472
7 1457 1280

8 8868 3883

9 8866 1224
10 8371 5972
11 266 4405
12 3706 3244
13 6039 5844
14 7200 3283
151502 11282
16 12318 2202
17 4523 965
18 9587 7011
19 2552 2051
20 12045 10306
21 11070 5104
22 6627 6906
239889 2121
24 829 9701
252201 1819
26 6689 12925
27 2139 8757
28 12004 5948
29 8704 3191
308171 10933
316297 7116
32 616 7146
335142 9761
34 10377 8138
357616 5811
0 7285 9863
17764 10867
212343 9019
34414 8331

4 3464 642
56960 2039

6 786 3021

7 710 2086

8 7423 5601
98120 4885
10 12385 11990
11 9739 10034
12 424 10162
13 1347 7597
14 1450 112
15 7965 8478
16 8945 7397
17 6590 8316
18 6838 9011
19 6174 9410
20 255113

21 6197 5835
22 12902 3844
23 4377 3505
24 5478 8672
254453 2132
26 9724 1380
27 12131 11526
28 12323 9511
29 8231 1752
30 497 9022
319288 3080
32 2481 7515
33 2696 268
34 4023 12341
35 7108 5553
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Table A.6: Rate 5/6 ( Nigp

0 4362 416 8909 4156 3216 3112 2560 2912 6405 8593 4969 6723
12479 1786 8978 3011 4339 9313 6397 2957 7288 5484 6031 10217
2 10175 9009 9889 3091 4985 7267 4092 8874 5671 2777 2189 8716
3 9052 4795 3924 3370 10058 1128 9996 10165 9360 4297 434 5138
4 2379 7834 4835 2327 9843 804 329 8353 7167 3070 1528 7311

5 3435 7871 348 3693 1876 6585 10340 7144 5870 2084 4052 2780
6 3917 3111 3476 1304 10331 5939 5199 1611 1991 699 8316 9960
7 6883 3237 1717 10752 7891 9764 4745 3888 10009 4176 4614 1567
8 10587 2195 1689 2968 5420 2580 2883 6496 111 6023 1024 4449
9 3786 8593 2074 3321 5057 1450 3840 5444 6572 3094 9892 1512
10 8548 1848 10372 4585 7313 6536 6379 1766 9462 2456 5606 9975
11 8204 10593 7935 3636 3882 394 5968 8561 2395 7289 9267 9978
12 7795 74 1633 9542 6867 7352 6417 7568 10623 725 2531 9115
13 7151 2482 4260 5003 10105 7419 9203 6691 8798 2092 8263 3755
14 3600 570 4527 200 9718 6771 1995 8902 5446 768 1103 6520

15 6304 7621

16 6498 9209

17 7293 6786

18 5950 1708

19 8521 1793

20 6174 7854

21 9773 1190

22 9517 10268

23 2181 9349

24 1949 5560

25 1556 555

26 8600 3827

27 5072 1057

28 7928 3542

29 3226 3762

0 7045 2420

19645 2641

2 2774 2452

35331 2031

4 9400 7503

5 1850 2338

6 10456 9774

7 1692 9276

8 10037 4038

9 3964 338

10 2640 5087

11 858 3473

12 5582 5683

13 9523 916

14 4107 1559

15 4506 3491

16 8191 4182

17 10192 6157

18 5668 3305

19 3449 1540
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20 4766 2697
21 4069 6675
221117 1016
23 5619 3085
24 8483 8400
25 8255 394
26 6338 5042
27 61745119
28 7203 1989
2917815174
0 1464 3559
13376 4214
27238 67
310595 8831
41221 6513
55300 4652
6 1429 9749
77878 5131
8 4435 10284
9 6331 5507
10 6662 4941
11 9614 10238
12 8400 8025
13 9156 5630
14 7067 8878
159027 3415
16 1690 3866
17 2854 8469
18 6206 630
19 363 5453
20 4125 7008
211612 6702
22 9069 9226
23 5767 4060
24 3743 9237
257018 5572
26 8892 4536
27 853 6064
28 8069 5893
29 2051 2885
010691 3153
13602 4055
23281717
32219 9299
41939 7898
5617 206

6 8544 1374
7 10676 3240
8 6672 9489
93170 7457
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10 7868 5731
11 6121 10732
12 4843 9132
13 580 9591
14 6267 9290
15 3009 2268
16 195 2419
17 8016 1557
18 1516 9195
19 8062 9064
20 2095 8968
21 753 7326
22 6291 3833
23 2614 7844
24 2303 646
252075611
26 4687 362
27 8684 9940
28 4830 2065
297038 1363
01769 7837
13801 1689
210070 2359
33667 9918
41914 6920
5 4244 5669
6 10245 7821
7 7648 3944
8 3310 5488
9 6346 9666
10 7088 6122
11 1291 7827
12 10592 8945
13 3609 7120
14 9168 9112
15 6203 8052
16 3330 2895
17 4264 10563
18 10556 6496
19 8807 7645
20 1999 4530
21 9202 6818
22 3403 1734
23 2106 9023
24 6881 3883
253895 2171
26 4062 6424
27 3755 9536
28 4683 2131
29 7347 8027
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Annex B (normative):

Addresses of parity bit accumulators for Nigpc = 16 200

Table B.1: Rate 1/4 (Njgp. = 16 200)

6295 9626 304 7695 4839 4936 1660 144 11203 5567 6347 12557
10691 4988 3859 3734 3071 3494 7687 10313 5964 8069 8296 11090
10774 3613 5208 11177 7676 3549 8746 6583 7239 12265 2674 4292
11869 3708 5981 8718 4908 10650 6805 3334 2627 10461 9285 11120

7844 3079 10773
3385 10854 5747
1360 12010 12202
6189 4241 2343
9840 12726 4977

Table B.2: Rate 1/2 ( Njgpc = 16 200)

20 712 2386 6354 4061 1062 5045 5158 55924 290
21 2543 5748 4822 2348 3089 6328 5876 6 1467 4049
22 926 5701 269 3693 2438 3190 3507 7 7820 2242
23 2802 4520 3577 5324 1091 4667 4449 8 4606 3080
24 5140 2003 1263 4742 6497 1185 6202 9 4633 7877
0 4046 6934 10 3884 6868
1 2855 66 11 8935 4996
2 6694 212 12 3028 764
33439 1158 13 5988 1057
4 3850 4422 14 7411 3450

Table B.3: Rate 3/5 ( NldpC =16 200)
71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198 2820 4109 5307
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327 2088 5834 5988
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612 3725 3945 4010
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340 1081 2780 3389
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290 659 2221 4822

3324 3704 4447
1206 2565 3089
529 4027 5891
141 1187 3206
1990 2972 5120
752 796 5976
1129 2377 4030
6077 6108 6231
61 1053 1781

3033 6060 6160
756 1489 2350
3350 3624 5470
357 1825 5242
585 3372 6062
561 1417 2348
971 3719 5567
1005 1675 2062

Table B.4: Rate 2/3 ( Njgpc = 16 200)

0 2084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622 12583 1180

1122 1516 3448 2880 1407 1847 3799 3529 373 971 4358 3108 21542 509
2 259 3399 929 2650 864 3996 3833 107 5287 164 3125 2350 34418 1005
3 342 3529 45212 5117
4 4198 2147 52155 2922
5 1880 4836 6 347 2696
6 3864 4910 7 226 4296
7 243 1542 8 1560 487
8 3011 1436 93926 1640
9 2167 2512 10 149 2928
10 4606 1003 11 2364 563
11 2835 705 12 635 688

12 3426 2365
13 3848 2474
14 1360 1743
0 163 2536

13 231 1684
14 1129 3894
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Table B.5: Rate 3/4 ( Njgp. = 16 200)

33198 478 4207 1481 1009 2616 1924 3437 554 683 1801 81015 1945
4 2681 2135 91948 412
5 3107 4027 10 995 2238
6 2637 3373 11 4141 1907
7 3830 3449 0 2480 3079
8 4129 2060 13021 1088
9 4184 2742 2713 1379
10 3946 1070 3997 3903
11 2239 984 4 2323 3361
0 1458 3031 51110 986
13003 1328 6 2532 142
21137 1716 7 1690 2405
31323725 81298 1881
41817 638 9615174
5 1774 3447 10 1648 3112
6 3632 1257 11 1415 2808
7 542 3694

Table B.6: Rate 4/5 ( NldpC =16 200)
5 896 1565 3 465 2552
6 2493 184 41038 2479
7 212 3210 51383 343
8 727 1339 6 94 236
9 3428 612 72619 121
0 2663 1947 81497 2774
1 230 2695 92116 1855
2 2025 2794 0722 1584
33039 283 12767 1881
4 862 2889 22701 1610
5376 2110 332831732
6 2034 2286 4168 1099
7 951 2068 53074 243
8 3108 3542 6 3460 945
9307 1421 7 2049 1746
02272 1197 8566 1427
1 1800 3280 93545 1168
2 331 2308

3 2409 499 1481 908 559 716 1270 333 2508 2264 1702 2805

4 2447 1926
5414 1224
6 2114 842
7212573
02383 2112
12286 2348
2545819

3 1264 143
41701 2258
5964 166

6 114 2413
72243 81

0 1245 1581
1775169

2 1696 1104
31914 2831
4 532 1450
591974

Table B.7: Rate 5/6 ( Njgpc = 16 200)

6 497 2228
7 2326 1579
0 2482 256
11117 1261
21257 1658
31478 1225
42511 980
52320 2675
6 435 1278
7 228 503

0 1885 2369
157 483
2838 1050
31231 1990
41738 68
52392 951
6 163 645

7 2644 1704
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Annex C (normative):
Additional Mode Adaptation tools

C.1  Input stream synchronizer

Delays and packet jitter introduced BYB-T2 modems may depend on the transmitted bit-ratevaydchange in

time duringbit and/or codeate switching. The "Input Stream Synchronizeeg(figureC.1) shall provide a mechanism
to regenerate, in the receiver, the clock of tren3port Stream (or packetized Generic Stream)eainthdulator Mode
Adapter input, in order to guarantee end-to-endstzon bit rates and delays (see also fidureexample receiver
implementation). Tabl€.1 gives the details of the coding of the ISSY figkherated by the input stream
synchronizer..

When ISSYI =1 in MATYPE field (see clause 5.1. Baainter shall be activated (22 bits), clockedHgymodulator
sampling rate (frequencyRL/T, whereT is defined in clause 9.5). The Input Stream SYaweization field (ISSY, 2 or

3 bytes) shall be transmitted according to clau$e35
ISSY shall be coded according to taklel, sending the following variables:

. ISCR (short: 15 bits; long: 22 bits) (ISCR = In@iteam Time Reference), loaded with the LSBs of the
counter content at the instant the relevant inpaket is processed (at constant ragg) Rand specifically the

instant the MSB of the relevant packet arrivedhatrhodulator input stream interface. In case ofinaous
streams the content of the counter is loaded wheSB of the Data Field is processed.

. BUFS (2+10 bits) (BUFS = maximum size of the reteeseceiver buffer to compensate delay variations)
This variable indicates the size of the receivdfdnassumed by the modulator for the relevant RLEhall
have a maximum value of 2Mbit. When a group of ditBs share a common PLP, the sum of the buffer siz
for any data PLP in the group plus the buffer sieehe common PLP shall not exceed 2Mbit.

. BUFSTAT (2+10 bits) This variable is retained fongpatibility with DVB-S2 [3]. It need not be trangtad
in DVB-T2 and may be ignored by a receiver.

. TTO (7/15 bits mantissa + 5 bits exponent). Thsvjates a mechanism to manage the de-jitter buff@\/B-
T2. The value of TTO is transmitted in a mantissgeaent form and is calculated from the transmifields
TTO_M, TTO_L and TTO_E by the formula: TTO=(TTO_MFD_L/256)x2"°-%, If ISCR,,,is used,

TTO_L is not sent and shall equal zero in the aluaeulation.

TTO defines the time, in units @f(see clause 9.5), between the beginning of theyRibol of the first T2
frame to which the Interleaving Frame carrying télevant User Packet is mapped, and the time athathie
MSB of the User Packet should be output, for aivecémplementing the model defined in clause C.THis
value may be used to set the receiver buffer sthiting reception start-up procedure, and to verdymal
functioning in steady state. TTO shall be transsditit least with the first transmitted UP of a Taafe for
each PLP.

The choice of the parameters of a DVB-T2 systemthadise of TTO shall be such that, if a receitmys the TTO
signalling and implements the model of buffer maragnt defined in clause C.1.1, the receiver'stter-pouffer and
time de-interleaver memory shall neither overflasy nanderflow.

NOTE: Particular attention should be paid to ttaerie length, the PLP type, the number of sub-speedrame,
the number of Tl-blocks per interleaving frame anidnhber of T2 frames to which an interleaving frame
is mapped, the scheduling of subslices within tamé, the peak bit-rate, and the frequency andidara
of FEFs.
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I nput Stream Synchroniser

TM 3980 Rev. 5

Mod 22 ¢ Rs
Counter D LS v upP Packetised
IS Input Strear
15 or 22 LS | -  BUFSTAT]
BUFS v
ISCR ATTO v uP §
CKin W g v
N 4
Input ISSY (2 or 3 bytes)
Packets| Insertion after Packet
(optional)
Figure C.1: Input stream synchronizer block diagram
Table C.1: ISSY field coding (2 or 3 bytes)
First Byte Second Byte Third Byte
bit-7 (MSB) bit -6 bit-5 and bit -4 | bit-3and bit-2 |  bit-1 and bit -0 bit-7 to bit -0 bit-7 bit-0
0 =ISCRo; |MSB of |next 6 bits of ISCR,, next 8 bits of not present
ISCRs,horl SCRs,horl
1 = 6 MSBs of ISCRIong next 8 bits of next 8 bits of
ISCRIong ISCRIong ISCRIong
1 1 00 =BUFS BUFS unit 2 MSBs of BUFS next 8 bits of BUFS |not present
00 = bits when ISCR 1
01 = Kbits is used; else
10 = Mbits reserved for
11 = reserved for future use
future use
1 1 10 = BUFSTAT BUFSTAT unit 2 MSBs of BUFSTAT |next 8 bits of not present
00 = bits BUFSTAT when ISCR .1
01 = Kbits is used; else
10 = Mbits reserved for
11 = BUFS/1024 future use
1 1 01=TTO 41SBsof TTO_E Bit 7:LSB of not present
TTO_E when ISCR; .1
Bit 6-Bit0: TTO_M is used; else
TTO L
1 1 others =reserved |reserved for Reserved for future  |Reserved for future |not present
for future use future use use use when ISCR,
is used; else
reserved for
future use
C.1.1 Receiver Buffer Model

The following receiver buffer model, illustratedfigure C.2, shall be assumed.

The receiver consists of an RF input, followed muenber of stages of demodulation including the ,Fifiannel
equalisation and frequency de-interleaving prodyiciatput ceIIs)A(mJ P representing estimates of the celg, | p

produced by the frame builder (see clause 8.3%).equalised cells from the frequency de-interle@etonging to the
selected PLP are then extracted and written irgdithe de-interleaver (TDI) memory. Cells are latsad out of the
time de-interleaver and fed to further processtages including LDPC decoding and extraction ofubker packets.
Decoded bits are then written into a de-jitter bu{DJB), which also provides an efficient way e€ording the
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tion of deleted null packets. Bits are readfimr the buffer according to a read clock anddésitter buffer

inserts deleted null packets at the output.

When the receiver is decoding a data PLP togethtbrits associated common PLP, it shall be assutmcthe Time

De-i

nterleaver, other processing stages, and @efitiffer are duplicated as shown in figure C.2.

NOTE: In this case, although separate time delgdeing and de-jitter operations are applied todhi PLP

The

and the common PLP, the total memory for the timéntierleaver and the total memory for the deyjitte

buffer are shared between the data PLP and the onrfnP.

following assumptions shall be made about ¢keiver:
The demodulation stages have no delay, and thzei‘@],h P carried in a particular OFDM symbdblare
output from the frequency de-interleaver at a unifoate and in order of the cell indpxduring the timeTy)
that the OFDM symbol is being received.
The cells at the output of the demodulation stdogdsnging to a particular PLP are written immediateto
the TDI memory.
As soon as all the cells of a TI-block have beeitter to the TDI memory, the TDI will start to readd
output the de-interleaved cells of that block.
The TDI will read out cells at a rate of ¥R’ cells/s, as long as cells remain from the TI-blbekng read,
and unless doing so would cause the de-jitter btdfeverflow.
If this maximum rate of reading would cause thgider buffer to overflow, the TDI will read out lie as fast
as possible without causing the DJB to overflow.
The de-jitter buffer will initially discard all ingt bits until it receives a bit for which a valuETd O is
indicated.
Subsequent input bits will be written to the degjitouffer.
Any deleted null packets output from the decodirages will conceptually be stored in the de-jitieffer, but
will not occupy any memory space.
No bits will be output until the time indicated the value of TTO for the first bit written.
The bits will then be read and output from theittes buffer at a constant rate calculated fromrézeived
ISCR values, using a read clock generated fronc@vezed clock perfectly synchronised to the moaulst
sampling rate clock.
The size of the de-jitter buffer is 2Mbit. Whenragp of data PLPs share a common PLP, the suneof th
buffer size for any one data PLP in the group phesbuffer size for the common PLP shall not excaiddbit
The size of the TDI memory iS22 OFDM cells. When a group of data PLPs share a com®LP, the
sum of the memory size for time de-interleaving ang data PLP and the memory size for time de-
interleaving the common PLP shall not exce&dZ° OFDM cells — see clause 6.5.2).
RE De- Time Other De-jitter Output
inpat | modulation — de-Interleaver — processing — buffer — stream
‘ (TDI) (DJB) (Data
; - - ) I - - PLP)
. Time . Other De-jitter Output
-+ de-Interleaver :---~ processing '--* buffer —* stream
(TDI) ; (DJB) (Commor
PLP)

Figure C.2: receiver buffer model
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The following features of a real receiver needb®taken into account by the modulator and shoelldonsidered by
receiver implementers when interpreting the TTQuealand choosing the exact size of the memorydoaaé to the
de-jitter buffer:
. Additional delays incurred in the various procegstages for practical reasons
. Error in the regenerated output read-clock frequexmzl phase

. Adjustments made to the read-clock frequency ams$@Iln order to track successive ISCR and TTO salie
possible mechanism for doing this is outlined ineanl

. The limited precision of the TTO signalling.

An example receiver scheme to regenerate the opgukiet stream and the relevant clogk R given in Figure I.1.
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Annex D (normative):
Splitting of input MPEG-2 TSs into the data PLPs and
common PLP of a group of PLPs

D.1 Overview

This annex defines an extension of the DVB-T2 systethe case of MPEG-2 Transport Streams [1], vaitows the
separation of data to be carried in the common fBLB group of TSs. It includes the processing (@épiexing) that

shall be applied for transporting NXR) MPEG-2 TSs (TS_1 to TS_N) over N+1 data PLP$(Pto PLPN)), one of
which is the common PLP (CPLP) of a group of Pldes, figure D.1.

If this processing is not applied to a group ofnBport Streams, there shall be no common PLP figtioup, and each
PLP of the group shall carry the input TS withowdification. When several groups of PLPs are ueethtry TSs,
each such group has its own independent extensimtidnality.

This annex also describes the processing thateaarbed out by the receiver to reconstruct alsimgput TS from the
received data PLP and its corresponding common PLP.

| 1
| |

L BN TSPSL (PLP1 | TSPSL (PLPL), 1T,

DVB-T2

% TSPS2 (PLP2 Phvsicel TSPS2 (PLP2) : TS_2

1 ysica I Normal
Layer MPEG
| |
Remux Mux demux

[ 1 &
I (including I Decoder
1 NULL packet 1

TS N removal/

5——:.. TSPSN (PLPN) insertion) | TSPSN (PLPN -__:__T_S___N,
| TSPSC (CPLP) TSPSC (CPLP "

N — I
I N N I
: Network processing Receiver processing :
L o o o o o o oo oo oo o e o e o e e e e e e e e e e mm mm mm o e mm m |

DVB-T2 PL with extension
Figure D.1 — Multiple TS input/output to/fromthe e  xtended DVB-T2 PL

The extension consists on the network side conabptof a remultiplexer and on the receiver sida afiultiplexer. In-
between the remultiplexer and the multiplexer weehthe DVB-T2 system, as described in other pdrtiseopresent
document. The inputs/outputs to the DVB-T2 systesrsgntactically correct TSs, each with unique
transport_stream_ids, containing all relevant 1&@r2) signalling information (i.e. PSI/SI — ség and [4]). The
various input TSs may have PSI/Sl tables, or dtBetata, in common with other input TSs. When tktemsion is
used the generated TSPS (Transport Stream Pargéaln and TSPSC (Transport Stream Partial Stremmm@n)
streams are however typically not syntacticallyecr MPEG-2 TSs.

NOTE: The parallel TSs may only exist internallyequipment generating the DVB-T2 signal. The patdlbs
may e.g. be generated from a single high bit r&edurce, or may alternatively be generated by
centrally-controlled parallel encoders, each prauye constant bit rate TS, with variable propaortid
null packets. The bit rates of the input TSs masgigeificantly higher than the capacity of the exdjpre
PLPs, because of the existence of a certain piiopast null packets, which are removed by the DNP
procedure.

An input MPEG-2 TS shall be transported either:
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* inits entirety within a single PLP, in which cake TS does not belong to any group of PLPs (aacktis no
common PLP), or

» splitinto a TSPS stream, carried in a data PLB,aafiSPSC stream, carried in the common PLP. Hrisxa
specifies the splitting and describes how the rd@oation of the output streams from a data PLPaand
common PLP can conceptually be achieved by théverce form the output TS.

D.2  Splitting of input TS into a TSPS stream and a
TSPSC stream

D.2.1 General

When a set of N TSs (TS_1, ..., TS_N>N) are sent through a group of N+1 PLPs, one béi@egommon PLP of a
group, all TSs shall have the same input bit iatdyding null packets. All input TS streams sha#lo be packet-wise
time synchronised. All TSPSs and the TSPSC sha# ttze same bit rate as the input TSs and maittiaisame time
synchronisation. For the purpose of describingstili operation this is assumed to be instantansoubat TSPSs and
the TSPSC are still co-timed with input TSs after split.

NOTE: The input TSs may contain a certain propartbnull packets. The split operation will intraaufurther
null packets into the TSPSs and the TSPSC. Nukgiaavill however be removed in the modulator and
reinserted in the demodulator in a transparent s@ayhat the DVB-T2 system will be transparenttfa
TSPSs and the TSPSC, despite null packets not bringmitted. Furthermore, the DNP and ISSY
mechanism of the DVB-T2 system will ensure thaetisgnchronisation of the TSPSs and the TSPSC at
the output of the demodulator is maintained.

For the purpose of specifying the split operatiom TS packets that may be transmitted in the confidhfall into the
following three categories:

1) TS packets carrying any other type of data thami@eDescription Table (SDT) or Event Informatioable
(EIT), i.e. with PID values not equal to 0x00110s0012.

2) TS packets carrying Service Description Table (SD&) with PID value of 0x0011
3) TS packets carrying Event Information Table (EIT, with PID value of 0x0012
For reference to SDT and EIT see [4].

The figures D.2 to D.6 below are simplified insofarthey do not show any data packets or null padkehe input
TSs. In real input TSs these are of course to peated. The absence of these packets in the figoeshowever not
in any way affect the general applicability of gitting/re-combining process, as described ia #mnex.

D.2.2 TS packets carrying any other type of content than Service
Description Table (SDT) or Event Information Table (EIT),
l.e. with PID values not equal to 0x0011 or 0x0012

TS packets that are co-timed and identical omallii TSs of the group before the split may, aftergplit, appear at the
same time positions in the TSPSC and, if so, sleateplaced by null packets in the respective T&RBe same time
positions.

The receiver can recreate the input TS when ankgaother than null packets, or packets carryidd 8r EIT,
appear in the TSPSC, by replacing null packethéncurrently received TSPS with the correspondiBgackets in the
TSPSC at the same time positions, see figure D.2.
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TSPSC | NIT |Common data 2| Common data 3| |Common data M|
(common PLP)
TSPS_3 | Null packet | Null packet | Null packet | Null packet | Null packet |
(data PLP)
Null Null Null Null Null
packet packet packet packet packet
repl. repl. repl. repl. repl.
y l y y y
Output TS_3 NIT |Common data 2 | Common data 3 Common data M

Figure D.2: Example of recombination of input TS fr  om TSPS and TSPSC for category 1

D.2.3 TS packets carrying Service Description Table (SDT), i.e.
with PID=0x0011

Sections with table_id=0x42 (HEX) are referred4dS®T actual TS
Sections with table_id=0x46 (HEX) are referred4dS®T other TS

TS packets with PID=0x0011 and table_id of all iearsections equal to 0x46 (HEX), may be carriethenTSPSC
provided the following conditions are fulfilled:

1) Ata given time position there is in one input T$%packet which is not a null packet

2) In all the other input TSs of the group there atehis time position, mutually identical TS packetot equal
to that in condition (1), with PID=0x0011, with teection header table_id field of all carried settieaders
equal to 0x46 and with the value of the transpemtasn_id field in all carried sections equal to the
transport_stream_id of the TS in condition (1).

3) Sections with table_id 0x42 and 0x46 are nevetypartfully carried in the same TS packet with
PID=0x0011.

If these conditions are met, the input TS packatsying the SDT actual shall not be modified, bogied directly to
the corresponding TSPS at the same time positioa.idput TS packets carrying SDT other may be ogpldy null
packets in the corresponding TSPS, in which cas@$hpackets carrying SDT other shall be carrietiénTSPSC, as
shown in figure D.3.
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“TS 3 column”

TS_1

1

SDT other | SDT other | SDT other |
1
1

TS_2 SDT other | spTother |

: T |
TS_3 | SDT other | SDT other * | SDT other |

TS_N | SDT other | SDT other | SDT other *
Transmitted in ¢ * : ¢ ¢
TSPSC | opTother | SDTother | SDT other | sbTother |
1

(Common PLP)

_______________

Figure D.3: Arrangement of SDT other ininput TSsa  nd relationship with TSPSC

As a result of the split all TS packets carryingTsixtual are therefore left unmodified in the retipe TSPS at the
same time position as in the input TS, whereas&ipackets carrying SDT other are found in the TSRSthe same
time position as in the input TS.

The receiver can recreate the input TS when SDdar gthckets appear in the TSPSC, by replacing achgds in the
currently received TSPS with the corresponding SBier packets from the TSPSC at the same timeigsitwhen
there is not a co-timed null packet in the TSP8,rdteiver shall not modify the TSPS to achievietfahsparency.
This is shown in figure D.4.

TSPSC
DT other (TS1)[SDT other (TS2)|SDT other (T DT other (TSN
(common PLP) [SDT other (TS1)[SDT other (TS2)[SDT other (TS3)] |SDT other (TSN)|

TSPS_3
— Null packet Null packet _ Null packet Null packet
(data PLP) | B | P R | P |

Null Null No Null Null
packet packet Null packet packet

packet I I

repl. repl. repl. repi.

repl.
| | 5 1 l
Output TS_3 [SDT other (TS1)|SDT other (Tsz)— [SDT other (TSN)]

Figure D.4: Receiver operation to re-combine of TSP S and TSPSC into output TS for SDT

D.2.4 TS packets carrying Event Information Table (EIT), i.e. with
PID=0x0012

Sections with table_id=0x4E (HEX) are referred4d=T actual TS, present/following

Sections with table_id=0x4F (HEX) are referredsd=iT other TS, present/following

Sections with table_id=0x50 to Ox5F (HEX) are reddrto as EIT actual TS, schedule
Sections with table_id=0x60 to Ox6F (HEX) are refdrto as EIT other TS, schedule

The operations described in clause D.2.4.1 mayek®mned when the conditions described in clauge4® below are
fulfilled
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D.2.4.1 Required operations

At a particular time position a TS packet carryild actual may be copied into the same time pasitiche TSPSC
and with table_id of the carried section convetteBIT other, according to table D.1. If this i;éoin the
corresponding TSPS the input TS packet shall Haceg by a null packet at the same time positiomthermore, all
input TS packets carrying EIT other, with the vatdi¢he section header transport_stream_id fielchketp one of the
the transport_stream_ids of the input TSs of tlegrshall be replaced by null packets in the spoading TSPS at
the same time positions.

D.2.4.2 Conditions

In all input TSs of the group except one therelshathis time position, be identical TS packetsying EIT other,
with value of the section header transport_stredrfieid equal to the transport_stream_id of theai@ing input TS.
At the same time position there shall be, in tleaiaing input TS, a TS packet carrying EIT actwaih the value of
the section header transport_stream_id field euille transport_stream_id of the same input TShisttime
position, the TS packet carrying EIT actual shelidentical to those carrying EIT other, excepttf@ table_id of the
carried section. The table_ids of co-timed TS pekarrying EIT actual and EIT other shall havetkHe-1 mapping
given in table D.1. Sections with table_id 0x42 a@md6, or with different transport_stream_id, simaVer partly or
fully be carried in the same TS packet with PID=0®, i.e. a particular TS packet shall always caittyer EIT actual
or EIT other data referring to a single TS of theugp.

Table D.1: Correspondence between table_ids of co-t  imed EIT actual and EIT other in input TSs

table_id of EIT actual in input TS table_id of co-timed EIT other ininput TS
Ox4E 0x4F
0x50 0x60
0x51 0x61
0x52 0x62
0x53 0x63
0x54 0x64
0x55 0x65
0x56 0x66
0x57 0x67
0x58 0x68
0x59 0x69
0x5A 0x6A
0x5B 0x6B
0x5C 0x6C
0x5D 0x6D
OX5E OX6E
0X5F 0x6F

This means that at a particular time position Wihpackets carrying EIT all these TSs carry idehflS packets with
the exception of table_id in one TS being set ¢tual’ rather than ‘other’, see table D.1 and fegr.5.
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“TS3 column”

1

EIT other | EIT other | | ErTother |
1
1

. | ermother |

. - | |
TS.3 | EITother | EIT other ﬁ | Ermother |

Enfther: : *

TSN | EITother | EITother |
Transmitted in ¢ ¢ :
tepsc  L__ElTother | EIT other ! EIT other | Errother |

Figure D.5 — Example of arrangement of EIT actual/o  ther in input TSs and relationship with TSPSC

As a result of the split all TS packets carryind Bttual and EIT other are replaced by null packetke respective
TSPS at the same time position. All TS packetsytggra section or sections with EIT actual in thput TSs are
copied to the TSPSC at the same time position Heimput TS, but with modified table_id, accoglto table D.1, for
transmission as EIT other in the TSPSC.

NOTE: EIT actual is also available in the TSPSEhimform of the EIT other, which according to tleaditions
above is identical, apart from a different table_id

The receiver can recreate the input TS when El€rqthackets appear in the TSPSC, by replacing maigkeis in the
currently received TSPS with the corresponding &fer packets from the TSPSC at the same timeiqusit-or TS
packets carrying EIT other, with the value of teetmn header transport_stream_id field equaléo th
transport_stream_id of the currently decoded T&rélaeiver should also modify the table_id fronmést to ‘actual’ to
achieve full TS transparency, see table D.1 anddi@.6.

TSPSC
(commn PLF) | EIT other (TS1) | EIT other (TS2) | EIT other (TS3) | EIT other (TSN) |
TSPS_3
— NULL packet NULL packet NULL packet NULL packet NULL packet
(data PLP) | P P | r | P P
NULL
packet
NULL NULL repl. NULL NULL
packet packet + packet packet
repl. repl. change of repl. repl.
l table_id l
Output TS_3 [ EIT other (TS1) [ EIT other (TS2) [EIT actual (153)| [ EIT other (TSN)]

Figure D.6: Receiver operation to re-combine of TSP S and TSPSC into output TS for EIT
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NOTE: For TS packets carryirsgrambled EIT scheduiemay be difficult to perform the above-mentioned
modification of table_id from ‘other’ to ‘actualTherefore, in such cases the output TS may cootdin
EIT other. The information of the EIT actual of input TS, referring to the currently decoded ES, i
however available in the EIT other, referring te #ame TS.

D.3 Receiver Implementation Considerations

In view of the key role played by the transporeatn as a physical interface in many existing atwréureceivers it is
strongly recommended that at least the core ofriérging function as described in this annex is @mgnted in a
channel decoder silicon. In particular this appleéethe generic merging function between TSPSCTSTS to form a

transport stream:
. for class-1 (generic data) as defined in clause2DliRstrated in figure D.2,
. for class-2 (SDT) as defined in clause D.2.3 dndtitated in figure D.4, and
. for class-3 (EIT) as defined in clause D.2.4 ahgsitated in figure D.6.

It may be possible that the change of table_idefised for class-3 data (to reconstruct EIT_achuah EIT_other)
would be handled by software on an MPEG systemgssmr (which avoids that channel decoders would tav
implement section level processing).

The channel decoder implementations as definedeastoould ensure correct integration of many exgsiivB system
hardware and software solutions for DVB with subbrinel decoders.
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Annex E (informative):
T2-frame structure for Time-Frequency Slicing

E.1 General

Time-Frequency-Slicing (TFS) is a method wheresthie-slices of a PLP are sent over multiple RF feegies during
the T2-frame. Interleaving is thus applied bothrdiree and frequency.

Although the present document describes a singldgwhich does not include TFS, this Annex ddsesithose
features which would allow a future implementatadiTFS, assuming that a receiver has two tunergteads.
Receivers with one tuner are not expected to becBr%patible. It is not required that receivers iempént the contents
of this annex.

The present document includes all elements needsapport the use of TFS. In addition to what ¢aineed for single
RF-frequency emission, this includes mainly signgllnd associated frame structure for Time-Fregushcing.
Thus a full TFS system can be built based on thmative parts of the present document. To fullymupTFS, it is
expected that a receiver will have to have twotsihe receive a single service. This annex giveddhmal rules for
building the T2-frame when TFS is used.

The basic block diagrams given in Figure 2 broagyly when TFS is used, but the frame builder ar®K)
generation modules are modified to include addii@mains so that there is one branch for eacheoNg RF
channels of the TFS system, as shown in figure E.1.

1T TTTTTS
| Assem bly of}
PLPO ' common !
1\ PLPcells
_________ 1
Cell Mapper
" 1mmmmmmeoy (assembles To OFDM
. dulated cells of i
! Sub-slice 1 M° generation
1
. ! processor i sFi’gr':a?II%r;dir&t%) N Frequency
! v 1 arrays interleaver Channel 1
! m-------o corresponding to
iAssembly oft  OFDM symbols. :
\ dataPLP 1 OPE(;{J\tESt !
i according to
PLPn [ E?”_S_ - : dynamic
scheduling Fre
; ; quency
information M erleaver
produced by Channel Nge
ITTTTTTTTS scheduler)
.................. compensating | ,,..,| iAssembly ofi
. . delay 1 Licells
L1 Signalling ! 1
_________ 1

Compensates for
frame delay in input
module and delay in

time interleaver

Figure E.1(a): Frame builder for TFS
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Pilot insertion & [i ' " | Guard || P1 | 1 Channel 1, Tx1
MISO ! PAPR [N ! ! 1
— processing =% dummy tone J'-_: T ':-_’4 reduction -'.:’ interval 4:5 Symbol -':’4 pAC F---»
reservation |, ! 1 |insertion |1 |insertion |t !
H VL L . 1 ! Channel 1, Tx2
1 I-_____I_ _________ 0T T VT ' ___I _______ I____ I-__I____ (OptIOnaD
1 1 1 1 1 1 1
1 1 1 1 1 1 1
| | | | | | | To
' transmitter(s)
Pilot insertion & |i ' " | Guard |} P1 [} [t Channel Ngg, Tx1
MISO IEET | PAPR 1 i ! ! pAC U
processing =¥ dummy tpne J'-_’4 ':-_’4 reduction -'.:’ '|nten{al 4:5 'Symt')ol -':’4 -—-=b
reservation |} ! 1 |insertion |t |insertion |t i
| H ! ! 1 | Channel Ngf, Tx2

(optional)

Figure E.1(b): OFDM generation for TFS

NOTE: The maximum bit rates mentioned in clauseadlsé apply in the case of TFS

E.2 T2-frame structure

E.2.1 Duration and capacity of the T2-frame

The duration of the T2-frame using Time-Frequerigyng) (TFS) is calculated with the same formulanéih one RF
channel:

Te = (NpztLoaw X Tst Tey,

whereNp; is the number of P2 symbols on one RF channelLapds the number of data symbols on one RF channel.
The rules for the frame length defined in claug18apply. Also, the number of P2 symbhls is calculated as
defined in Table 45.

The number of active OFDM carriers in one T2-freforeall RF channels is given by:

c = (Np, XCpy + (Lyga =D xCya + Cis) X N when therasaframeclosingsymbol
o Np, X Cp, + Ly XCaa) X N otherwise
P2 P2 data RF

data

E.2.2 Overall structure of the T2-frame

When using TFS the T2-frame has a similar strucasreith one RF channel, except that the sub-stitgge 2 data
PLPs are distributed over all RF channels durirg B2-frame. P1 symbols, L1 signalling and commoR®are
repeated simultaneously on each RF channel, as thest always be available while receiving any @mata PLP.
Each type 1 data PLP only occurs on one RF chanmele T2-frame but different type 1 data PLPstemesmitted on
different RF channels. The RF channel for a tyP may change from frame to frame (inter-frame)Té¢tSnay be
the same in every frame (Fixed Frequency) accordinige L1 configurable signalling parameter FF_E.Ahe
structure of the T2-frame with TFS is depicted iguiFe E.2.

The number of OFDM cells needed to carry all comiabRs in one T2-frame on one RF channel is dertoted
Dcommon The number of OFDM cells needed to carry all ighalling in one T2-frame on one RF channel is detdy
D, 1. The number of OFDM cells available for transnoasbf data PLPs in one T2-frame for all RF chanise{gven
by:

Ddata = Ctot - D

common>< NRF - DLl X NRF'
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Common PLPs Type 1 Type 2

PLPs 1-Mcommon PLPs 1 to x4 Sub-slices of PLPs 1 to M»
PLPs 1-Mcommon | PLPs x4+1 to x5 Sub-slices of PLPs 1 to M
PLPs 1-Mcommon | PLPs xo>+1 to x3 Sub-slices of PLPs 1 to M»
PLPs 1-Mcommon | PLPs x3+1 to x4 Sub-slices of PLPs 1 to M
PLPs 1-Mcommon | PLPs x4+1 to x5 Sub-slices of PLPs 1 to M»
PLPs 1-Mcommon | PLPs x5+1 to M4 Sub-slices of PLPs 1 to M

Complete T2-frame

A
\j

Figure E.2: Structure of the T2 frame in a TFS syst em

In a TFS system a T2-frame shall start at the gaoime in time on all RF channels, i.e. in all tranigers. This means
that the P1 symbols occur at the same point in timall RF channels, followed by the P2 symbol(g) data symboals.

The L1 pre- and post-signalling shall be generateded and mapped to each channel individuallpathe single RF
case. The L1 pre-signalling will be different ortle@hannel because the CURRENT_RF_IDX and conséguka
CRC-32 will both be different. The L1 post-signadishall be identical on each RF channel.

The addressing scheme for the data cells shalpiéed to each RF channel individually exactly asthe single RF
case.

E.2.3 Structure of the Type-2 part of the T2-frame

The type 2 data PLPs shall be carried in a totbl@fices_waSUb-slices across all RF chann®lg;psices_totaiS Signalled
by the configurable L1 signalling parameter NUM_SISRICES. The structure of the TF-sliced part (t2pdata
PLPs) of a T2-frame is depicted in Figure E.3.

The sub-slices of type 2 data PLPs are shifteélation to each other on the different RF chanttenable jumping
between the RF channels during a T2-frame.

If a sub-slice is divided on one RF channel, ahécase of PLP2 on RF3 and PLP4 on RF2, thidlis@tsidered to
be the same sub-slice for the definitioNgfysices_totat FOr €XampleNsupsiices_tota= 6 iN Figure E.3.

The beginning of the area for type 2 PLPs shathbesame OFDM cell address, denoted\lyon each RF channel.
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RF 3 1 234 5|1 %2345

RF 2 1234 51234 5

RF111 1234511234 5

\w)
w
N
(6}
—_
N
w
N
(6}
—_
53

RF 3

RF2BH 5|1 2345|1234

RF1 )1 1234 512345

Figure E.3: The structure of the type 2 partofaT  2-frame with Nge = 3 and Ngupsiices_total = 6
The upper figure demonstrates folding of the sub-sl ices exceeding the frame
to achieve a structure depicted in the lower part

E.2.4 Restrictions on frame structure to allow tuner switching time

When using time-frequency slicing (TFS) there aoeewestrictions to frame length to enable enough for
switching between the RF channels. The restrictagmy when the number of RF chann@lgd) is greater than the
number of tuners in the receiver. In practical egions the number of tuners is two.. When usingtuners in the
receiver, TFS with two RF channels does not recadiditional limitations to the one RF configuratias it is not

necessary to perform frequency hopping.
WhenNgg > 2 the following restrictions for the T2-framewstture apply:

. The time between two sub-slices to be received thithsame tuner must be guaranteed, both betwéen su
slices and at the frame edge.

. The minimum frequency hopping time between suleslion different RF channels for a tuner is

2* ScHE +’—S[umng-‘, whereSere is the number of symbols needed for channel eﬁtimand’_S‘unmg—‘ is the
number of symbols needed for tuning rounded upemearest integer (Figure E.4).

*  The minimum tuning time is 5 ms, so t18i,xTs25ms. The values fo’;Smnmg—‘ are presented in Table E.1.

. The value fors:e is dependent on the used pilot patt&spe = Dy - 1, whereDy is the number of symbols
forming one scattered pilot sequence defined iderakb.

Channel
¢ SCHE

Minimum estimation
frequency hopping )
time between data AGC and PLL Stuning
slots Channel s
estimation : CHE
Figure E.4: Minimum required frequency hopping time between two sub-slices

to be received with the same tuner
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Table E.1: Values for ’_Smnmg—‘ (number of symbols needed for tuning, rounded up,
for 8 MHz bandwidth), when minimum tuning time =5 ms

FET size | Tu[ms] Guard interval

1/128 1/32 1/16 19/256 1/8 19/128 1/4
32K 3,584 2 2 2 2 2 2 NA
16K 1,792 3 3 3 3 3 3 3
8K 0,896 6 6 6 6 5 5 5
4K 0,448 NA 11 11 NA 10 NA 9
2K 0,224 NA 22 22 NA 20 NA 18
1K 0,112 NA NA 10 NA 9 NA 8

E.2.5 Signalling of the dynamic parameters in a TFS configuration

In a TFS system the L1 signalling transmitted irsBall refer to the next T2-frame and the in-bagdadling for the
current PLP shall refer to the next-but-one Intarleg Frame, as depicted in figure E.5 and deatriteletail in
clauses 7.2.3 and 5.2.3 respectively.

Multiple RF, TFS system
repetition

P2| T2-frame m-1 P2 T2-frame m P2| T2-frame mt+1

in-band
signalling

Figure E.5: L1 signalling for a TFS system

E.2.6 Indexing of RF channels

Each RF channel in a T2 system is allocated arxibdeveen 0 and NUM_RF-1

The indexing of the RF channels is signalled inGMRRENT_RF_IDX parameter in the L1 pre-signall{far the
current frequency) and the RF_IDX parameter inctirigurable part of the L1 post-signalling (in fleep for all Nxr
channels) as described in clauses 7.2.2 and Tr2spectively. In TFS mode, the index indicatesdider of each
frequency within the TFS configuration. The 'n&# channel shall be the one whose index is onéggrtean the
current channel; the 'next' channel after the Rkl whose index is NUM_RF - 1 shall be the Rnkawith
RF_IDX = 0.

The RF indexing scheme is used for the configurabte PLP-specific parameter FIRST_RF_IDX for theety data
PLPs. This parameter indicates on which RF chatmeePLP occurs in the first T2-frame of the supanie to which
that PLP is mapped; see clause E.2.7.1.

The indexing of the RF channels is also used irsidpealling for the type 2 PLPs. The RF channel sehindex is equal
to the dynamic L1 parameter START_RF_IDX is desigdas RE., and is the RF channel on which the first subslice
for each PLP starts at the address given by the BTRRT parameter. The subslices on the RF chanitielte next
index are shifted byxRF_SHIFT, the next byXRF_SHIFT, etc. as described in clause E.2.7.2.3.

E.2.7 Mapping the PLPs

The allocation of sub-slices to the T2-frame iselbg the scheduler as in the single-RF case. Tiedster may use
any method to perform the allocation and may mapPhPs to the T2-frame in any order, provided:

. that the locations of the cells of the PLPs ardesxribed by the L1 signalling, interpreted asdesd in the
following clauses, and also
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. that the requirements for tuner switching time dbsd in clause E.2.4 are met.

E.2.7.1 Mapping the Common and Type 1 PLPs

For the common and type 1 PLPs, the address rdribe oells for each PLP in a given T2 frame shalkignalled
exactly as for the single RF case.

Each of the cells of a common PLP shall be cawiedll of the RF channels and shall be mappedesdme cell
address in each channel.

Each of the Type 1 PLPs shall be mapped to onlyRinehannel in a given T2-frame.

For Type 1 PLPs which are Fixed Frequency (FF_FLA®=the RF channel to which the PLP is mappet! bha
signalled directly by the L1 signalling parametéRET_FRAME_IDX.

For Type 1 PLPs which are not Fixed-Frequency (FRAG='0"), the index of the RF channel on which edgpe 1
PLP appears in a given frame is denoted by PLP neth@md shall be determined by:

FRAME_ IDX - FIRST_FRAME_ IDX
FRAME_ INTERVAL

PLP_channeI:[ + FIRST_RF_IDijodNRF,

where FRAME_IDX, FIRST_FRAME_IDX, FRAME_INTERVAL ahFIRST_RF_IDX are the corresponding L1-
signalling parameters.

E.2.7.2 Mapping the Type 2 PLPs

Type 2 data PLP's shall be mapped starting froncelleaddress immediately following the last addraifocated to
Type 1 PLPs. The Type 2 PLP's shall start fronstmae active cell address in every RF. The TypeRsRhall
therefore be allocated such that they all endeasime address in every RF.

E.2.7.2.1 Allocating the cells of the Interleaving Frame to the T2-Frames

The scheduler shall allocate an integer numbeD#?C blocks M, ocks i,n) to each Interleaving Franme for each
PLPi. The number of LDPC blocks allocated is used forin the frame builder of the size of the sub-slioequired
within each T2-frame.

The slice sizd; ,, i.e. the number of OFDM cells required for Typ®42Pi in each T2-frame to which the Interleaving
Frame is mapped, is calculated as:

— NBLOCKS_IF (I 1 n) x NLDPC (I)
B (1) X 7o (i)
whereNg ocks_Hi,N) is the number of LDPC blockés ocks () in the current Interleaving Frame (ind@xfor PLPi;

Nipd(i) is the LDPC block length anglion(i) is the number of bits per cell for PLRP (i) is the number of T2 frames to
which the Interleaving Frame is mapped, &lathcks i#(n) was defined in clause 6.5 for the Time Interleave

i,2

As for the single RF case, the valudPpthall be chosen such thatis an integer for all PLPs, and also tRaand
Nsubsiices_totameet the additional constraints given in clause2.2.

EXAMPLE: Figure E.6 depicts the OFDM cells for d&aPs of a T2-frame. In this example, there are fiv
type 2 data PLP's carried in the frame.

The restrictions for capacity allocation for type@a PLP's are dependent®g. (the total number of data cells
available in the T2-frame), the number of datascetied by type 1 data PLP's, the number of data Paffied in the
T2 frame, and the number of sub-sli®&sssices_total

The sum of all cells of all type 1 and type 2 dak#s must not exceed the number of cells reseorediata PLPs:

M, M,
ZDi,l"'ZDi,Z < Dygata:
i=1 i=1
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whereD,; ; is the size of type 1 data PLIh OFDM cells.

Type-2 region of
T2-frame

Figure E.6: Capacity allocation of five type 2 data PLPs to one T2-frame

E2.7.2.2 Size of the sub-slices

The size of each sub-slice shall be giverDpy Nypsiices_wotaiWhereD; ; is the total number of data cells mapped to the
current T2 frame for type 2 data PLPNsubsices_totalS the same for all type 2 data PLP's and itvergby:

Nsubslices_totar: NRreNsubsiices,

whereNge is the number of RF channels axglysicesis the number of sub-slices per RF channel. FigLBeshows an
example of sub-slicing fdkrr=3 andNgypsjices=2.-

NOTE: Because sub-slices can be divided betweehagiening and end of the frame as a result otyleic
rotation, the allocation of data cells to the slites is not as straightforward as in the singleegfe and
occurs as a result of the mapping described irsel&.2.7.2.5.

The value oNgypsiices_otabhall be chosen such that:
(Nceis) mod (SPI(i)XNsubslices_totAI =0, for alli.

Suitable values folNg,psices_oafle listed in annex K for the case wherel. The value oNsypsices_tot2iS Signalled in
L1-post signalling field SUB_SLICES _PER_FRAME.

NOTE: The number of OFDM cells for each PDR,, may be different but evely; , must be a multiple of
Nsubsices_total SO that all sub-slices carrying the same PLP leaual size. This is guaranteed provided the above
requirement, which is more restrictive, is met.

The cell addresses to which each Type 2 PLP is aethglpall be determined as follows.

E.2.7.2.3 Allocation of cell addresses to the sub-slices on RFgarnt

The dynamic L1 signalling parameter PLP_START iathes the address of the first cell of the first-shit®e in Riar
RFsatis the RF channel whose index CURRENT_RF_IDX isaédo the dynamic L1 signalling parameter
START_RF_IDX, and is the channel on which the dides are not shifted or folded. The RF channdl iheeferred

to as RE.rmay change between T2-frames. The locations obttier sub-slices of each PLP are calculated in the
receiver based on the first sub-slice ofRFIf there is more than one sub-slice per RF chigopereT2-frame, then the
addresses of the first cells of the successivesabs on RE,shall be spaced by SUB_SLICE_INTERVAL as for the
single RF case. The cells of each sub-slice of @a¢hshall be mapped one after the other into ifrdme on Ry

as described in clause 8.3.6.3.2 for the singled®E.
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DTypeZ

NOTE: With the mapping described, SUB_SLICE_INTERMvill be equal to , Where

subslices total
MZ
Drype = Z D, , is the number of OFDM cells on all RF channelsyéag type 2 PLPs and
i=1
Nsubsiices_totalS the number of sub-slices per T2-frame acrdd@Rkchannels.

A receiver shall not assume that SUB_SLICE_INTERMWn be calculated as described in the note abavénstead
shall use the signalled value (see clause 7.2.3.2).

The address of the first and last cell for the slidej on RE,«Of a type 2 data PLP are therefore given by:
Sub_slicestart(j)=PLP_START+ jxSUB_SLICE INTERVAL

PLP_NUM_BLOCKSx N
N x P

subslicestotal |

Sub_sliceend(j)=Sub_slicestart(j)+ cells _ 1

for j=0, 1, ...,Nsubsicesl. HereNsypsices_tota= SUB_SLICES_PER_FRAME aridis is the number of OFDM cells in an
LDPC block as given in Table 16 aRdis the number of T2-frames to which an InterlegJiname is mapped.
PLP_START, SUB_SLICE_INTERVAL, and PLP_NUM_BLOCK®&:4ahe L1 signalling parameters defined in
7.2.3.2. The sub-slice allocation shall consisilbbf the cells in this range.

E.2.7.2.4 Allocation of cell addresses to the sub-slices on the other RF channels

The sub-slice allocations on each of the other REnels shall be shifted by RF_shift cells witpext to the
corresponding allocations on the previous RF chafihe shift shall be performed cyclically, i.e.daésses exceeding
the range offy,./Nrr) addresses allocated to the Type 2 PLPs shéfbloed back” to the beginning of the Type 2
region.

RF_shift is not signalled directly but shall beatetined by:

SUB_SLICE_INTERVAL

RF_shift=
NRF
where SUB_SLICE_INTERVAL is the L1-signalling paratar.

Therefore, for each addreagallocated to a particular PLP on &F the corresponding addresgsshall be allocated to
the same PLP on the RF channel whose index is [[STARF_IDX+n) modNgg, for eachn, 0 <n < Ngf, where:

Ar=AstartzH(Ac-AsTarTzHNXRF_shift) modDypedNrd] |
andAstarT2 IS the address of the start of the Type 2 region.

The value oDy itself shall be equal to NUM_R¥SUB_SLICE_INTERVAL. The value ofstart2 Shall be
signalled by the dynamic L1 signalling parameteiPEY 2_START.

Figure E.7 illustrates the sub-slice locations kethe folding has been applied, and figure Eusithtes the
allocations after the folding. For simplicity, STARRF_IDX=0 in the figure so that RF 0 is Rk
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RF 3 REShiftt 1 121314/ 5| 1 23|45

RF 2 1234 5|1 23|4/5

RF1 )1 2/3/4 5|1 234 5

Figure E.7: Cell allocations for the sub-slices pri  or to "folding"”
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RF 3

RF2H 5|1 2345|1234

RF1) 1 2/3/4 51234 5

Figure E.8: Cell allocations for the sub-slices af  ter folding

NOTE 1: For the mapping described, RF_shift idlgiven by:

RF _ shift= [Z)Ty"e‘z = Orype ,
NRF N NRFN

subslices subslices total

whereNge is the number of RF channeldspsicesis the number of sub-slices in one RF channel, and
Drype2 is the number of cells allocated to Type 2 datB'®in one T2-frame across all RF channels as

defined above.

A receiver shall not assume that RF_shift can britzted as described in the note above but ingkalll calculate
RF_shift from the signalling fields SUB_SLICE_INTERL and NUM_RF.

NOTE 2: Both SUB_SLICE_INTERVAL and RF_SHIFT wilehnteger numbers as a result of the constraint
specified in clause E.2.7.2.2.

E.2.7.2.5 Mapping the PLP cells to the allocated cell addresses

The data cells from the time interleaver shall lmwped to the cells allocated to the sub-slicesderoof increasing cell
address irrespective of the RF index on which #lis are mapped. The data shall be written firshéosub-slice or
part of a sub-slice that occurs first in the T2+iEa This means that the receiver will start fillihg time deinterleaver
starting from the first row. The writing order Ikistrated in figure E.9 for data PLP 4, which hadivided sub-slice on

RF2.

The maximum number of FEC blocks PLP_NUM_BLOCKS_M#Kich can be allocated by the scheduler to one PLP
in one Interleaving Frame shall be such that theber of cellsD, , for one Type-2 PLP in one T2-frame does not
exceedy,./Nrr. Consequently the same cell address will not beped to the same PLP on more than one RF
channel in the same T2-frame.
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N

RF3 | P34 5| 1/23¥% 5| 1

RF2 Y 5| 1/23%4| 5| 1/23Y

RF 1 1 123Y4| 5| 123 5

Figure E.9: Writing order of mapping of data PLP 4  to OFDM symbols

E.2.8 Auxiliary streams and dummy cells

Following the type 2 PLPs, the auxiliary streanfigfly) and dummy cells shall be added on each RRral as
described in clauses 8.3.7 and 8.3.8. Taken togdtieedata PLPs of both types, auxiliary streantsdummy cells
shall exactly fill the available capacity of the-ffame on each RF channel.
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Annex F (normative):
Calculation of the CRC word

The implementation of Cyclic Redundancy Check cd@®C-codes) allows the detection of transmissioars at the
receiver side. For this purpose CRC words shailhtieded in the transmitted data. These CRC wdnd#l be defined
by the result of the procedure described in thisan

A CRC code is defined by a polynomial of degnee

Gn(X)= X"+ gpoaX" T+ + gox? + gx+1
with n=1:
and: g 0{o}, i=1..n-1

The CRC calculation may be performed by meansstiifaregister containing register stages, equivalent to the
degree of the polynomial (see figure F.1). Theestiaaye denoted ty... by, 1, wherely, corresponds to Iy, tox, b, to

X2,...,b,.; tox™L The shift register is tapped by inserting XORghatinput of those stages, where the corresponding

coefficientsg; of the polynomial are "1".
Data Input
’ +

~
~

91 92 9n- 9n-1
N | I
Ve wy
LSb bo b1 bn-2 bpn-1 Msb

Figure F.1: General CRC block diagram

At the beginning of the CRC-8 calculation (used@PS and TS, NM only and BB-headers), all registzge
contents are initialized to zeros.

At the beginning of the CRC-32 calculation (usedtf® L1 pre- and post-signalling), all registexgst contents are
initialized to ones.

After applying the first bit of the data block (MSBst) to the input, the shift clock causes thgister to shift its
content by one stage towards the MSB stagg ), while loading the tapped stages with the resiuhe appropriate

XOR operations. The procedure is then repeateddon data bit. Following the shift after applyihe tast bit (LSB)
of the data block to the input, the shift registentains the CRC word which is then read out. athCRC word are
transmitted with MSB first.

The CRC codes used in the DVB-T2 system are bas¢deofollowing polynomials:
GSZ(X):X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+l
e G =XH+X +xX°+x X+
The assignment of the polynomials to the respeapgications is given in each clause.

NOTE: The CRC-32 coder defined in this annex isifidal to the implicit encoder defined in [4].
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Annex G (normative):
Locations of the continual pilots

Table G.1 gives the carrier indices for the cordlrpilots for each of the pilot patterns in 32KbleaG.2 gives the

carrier indices for the additional continual pilotsextended carrier mode. For further detailsheftise of these, see
clause 9.2.4.1.
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Table G.1: Continual pilot groups for each pilot pa  ttern
Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
CP1 116 255 116 318 116 318 108 116 108 116 264 360
[All modes] 285 430 390 430 342 426 144 264 228 430 1848 2088
518 546 474 518 430 518 288 430 518 601 2112 2160
601 646 601 646 582 601 518 564 646 804 2256 2280
744 1662 708 726 646 816 636 646 1644 1680 3936 3960
1893 1995 |1752 1758 |1758 1764 |828 2184 1752 1800 3984 5016
2322 3309 |1944 2100 |2400 3450 |3360 3396 |1836 3288 5136 5208
3351 3567 (2208 2466 (3504 3888 |3912 4032 (3660 4080 5664
3813 4032 (37925322 (4020 4932 (4932 5220 (4932 4968
5568 5706 |5454 5640 |5154 5250 |5676 5688 |5472
5292 5334
CP> 1022 1224 (1022 1092 |1022 1495 |601 1022 852 1022 116 430
[2K-32K] 1302 1371 |1369 1416 |2261 2551 |1092 1164 |1495 2508 518 601
1495 2261 |1446 1495 |2802 2820 |1369 1392 |2551 2604 646 1022
2551 2583 |2598 2833 |2833 2922 |1452 1495 |2664 2736 1296 1368
2649 2833 |2928 3144 |4422 4752 |2261 2580 (2833 3120 1369 1495
2925 3192 |4410 4800 |4884 5710 |2833 3072 (4248 4512 2833 3024
4266 5395 (57105881 (8164 4320 4452 4836 5710 4416 4608
57105881 |6018 6126 |10568 57105881 |5940 6108 4776 5710
8164 10568 11069 6048 8164 5881 6168
10568 11515 11560 10568 10568 7013 8164
11069 12946 12631 11515 11069 10568
11560 13954 12946 12946 11560 10709
12631 15559 16745 13954 12946 11515
12946 16681 21494 15559 13954 12946
13954 16681 21494 15559
16745 23239
21494 24934
25879
26308
26674
CP3 2261 8164 |13954 8164 648 4644 456 480
[4K-32K] 16745 2261 6072
17500
CP4 10709 10709 12631 1008 6120 |116 132
[BK-32K] 19930 19930 13954 180 430
518 601
646 1022
1266 1369
1495 2261
2490 2551
2712 2833
3372 3438
4086 4098
4368 4572
4614 4746
4830 4968
5395 5710
5881 7649
8164
10568
11069
11560
12631
12946
13954
15760
16612
16745
17500
19078
19930
21494
22867
25879
26308
CPs 1369 7013 |6744 7013 |1369 5395 [6612 6708 [1369 2261 |116 384 6984 7032 6720 6954
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Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
[16K-32K] 72157284 |7020 7122 |5881 6564 |7013 7068 |53955881 |408518  |7056 7080 |7013 7026
7649 7818 |7308 7649 (6684 7013 |7164 7224 (6552 6636 (601646  |7152 7320 |7092 7512
80258382 |7674 7752 (7649 8376 [7308 7464 (67446900 (672960  |7392 7536 |7536 7596
87338880 |7764 8154 (8544 8718 |[7649 7656 |70327296 (10221272 |7649 7704 |7746 7758
9249 9432 |8190 8856 (8856 9024 |[7716 7752 (7344 7464 (1344 1369 |7728 7752 |7818 7986
9771 8922 9504 |9132 9498 (78127860 [7644 7649 |14951800 (8088 8952 |8160 8628
10107 9702 9882 |9774 9840 (8568 8808 [7668 7956 |2040 2261 (9240 9288 |9054 9096
10110 9924 10302 8880 9072 |8124 8244 (28333192 (9312 9480 |9852 9924
10398 10032 10512 9228 9516 |8904 8940 |3240 3768 |9504 9840 |10146
10659 10092 10566 9696 9996 |8976 9216 |3864 3984 9960 10254
10709 10266 10770 10560 9672 9780 |4104 4632 10320 10428
10785 10302 10914 10608 10224 4728 4752 10368 10704
10872 10494 11340 10728 10332 49445184 |10728 11418
11115 10530 11418 11148 10709 5232 5256 |10752 11436
11373 10716 11730 11232 10776 5376 5592 |11448 11496
11515 11016 11742 11244 10944 5616 5710 11640 11550
11649 11076 12180 11496 11100 5808 5881 |11688 11766
11652 11160 12276 11520 11292 6360 6792 |11808 11862
12594 11286 12474 11664 11364 6960 7013 |12192 12006
12627 11436 12486 11676 11496 72727344 12240 12132
12822 11586 15760 11724 11532 7392 7536 12480 12216
12984 12582 16612 11916 11904 7649 7680 |12816 12486
15760 13002 17500 17500 12228 7800 8064 |16681 12762
16612 17500 18358 18358 12372 8160 8164 22124 18358
17500 18358 19078 19078 12816 8184 8400 20261
18358 19078 19930 21284 15760 8808 8832 20422
19078 22124 20261 22124 16612 9144 9648 22124
19930 23239 20422 23239 17500 9696 9912 23239
20261 24073 22124 24073 19078 10008 24934
20422 24934 22867 24934 22867 10200
22124 25879 23239 25879 25879 10488
22867 26308 24934 26308 10568
23239 25879 10656
24934 26308 10709
25879 26674 11088
26308 11160
26674 11515
11592
12048
12264
12288
12312
12552
12672
12946
13954
15559
16681
17500
19078
20422
21284
22124
23239
24934
25879
26308
26674
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Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8

CPs 13164 13320 13080 13080 13416 10709

[32K only] 13206 13350 13152 13368 13440 11515
13476 13524 13260 13464 13536 13254
13530 13566 13380 13536 13608 13440
13536 13980 13428 13656 13704 13614
13764 14148 13572 13728 13752 13818
13848 14340 13884 13824 14016 14166
13938 14964 13956 14112 14040 14274
13968 14982 14004 14232 14112 14304
14028 14994 14016 14448 14208 14364
14190 15462 14088 14472 14304 14586
14316 15546 14232 14712 14376 14664
14526 15984 14304 14808 14448 15030
14556 16152 14532 14952 14616 15300
14562 16314 14568 15000 14712 15468
14658 16344 14760 15336 14760 15474
14910 16488 14940 15360 14832 15559
14946 16614 15168 15408 14976 15732
15048 16650 15288 15600 15096 15774
15186 16854 15612 15624 15312 16272
15252 17028 15684 15648 15336 16302
15468 17130 15888 16128 15552 16428
15540 17160 16236 16296 15816 16500
15576 17178 16320 16320 15984 16662
15630 17634 16428 16416 16224 16681
15738 17844 16680 16536 16464 16872
15840 17892 16812 16632 16560 17112
16350 17958 16908 16824 17088 17208
16572 18240 17184 16848 17136 17862
16806 18270 17472 17184 17256 18036
17028 18288 17508 17208 17352 18282
17064 18744 17580 17280 17400 18342
17250 18900 17892 17352 17448 18396
17472 18930 17988 17520 17544 18420
17784 18990 18000 17664 17928 18426
17838 19014 18336 17736 18048 18732
18180 19170 18480 17784 18336 19050
18246 19344 18516 18048 18456 19296
18480 19662 19020 18768 18576 19434
18900 19698 19176 18816 18864 19602
18960 20022 19188 18840 19032 19668
19254 20166 19320 19296 19078 19686
19482 20268 19776 19392 19104 19728
19638 20376 19848 19584 19320 19938
19680 20466 20112 19728 19344 20034
20082 20550 20124 19752 19416 21042
20310 20562 20184 19776 19488 21120
20422 20904 20388 20136 19920 21168
20454 21468 20532 20184 19930 21258
20682 21654 20556 20208 19992 21284
20874 21762 20676 20256 20424 21528
21240 21774 20772 21096 20664 21594
21284 21798 21156 21216 20808 21678
21444 21858 21240 21360 21168 21930
21450 21888 21276 21408 21284 21936
21522 22026 21336 21744 21360 21990
21594 22266 21384 21768 21456 22290
21648 22332 21816 22200 21816 22632
21696 22524 21888 22224 22128 22788
21738 22728 22068 22320 22200 23052
22416 22776 22092 22344 22584 23358
22824 22986 22512 22416 22608 23448
23016 23148 22680 22848 22824 23454
23124 23538 22740 22968 22848 23706
23196 23568 22800 23016 22944 23772
23238 23760 22836 23040 22992 24048
23316 23952 22884 23496 23016 24072
23418 24216 23304 23688 23064 24073
23922 24324 23496 23904 23424 24222
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Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
23940 24348 23568 24048 23448 24384
24090 24360 23640 24168 23472 24402
24168 24642 24120 24360 23592 24444
24222 24846 24168 24408 24192 24462
24324 24912 24420 24984 24312 24600
24342 25050 24444 25152 24360 24738
24378 25116 24456 25176 24504 24804
24384 25242 24492 25224 24552 24840
24540 25290 24708 25272 24624 24918
24744 25380 24864 25344 24648 24996
24894 25494 25332 25416 24672 25038
24990 25518 25536 25488 24768 25164
25002 25524 25764 25512 24792 25314
25194 25548 25992 25536 25080 25380
25218 25560 26004 25656 25176 25470
25260 25614 26674 25680 25224 25974
25566 25620 26944 25752 25320 26076
26674 25836 25992 25344 26674
26944 26022 26016 25584 26753
25680 26944
25824
26064
26944
Table G.2: Locations of additional continual pilots in extended carrier mode
FFT size PP1 PP2 PP3 PP7 PP8 PP4 PP5 PP6
8K None 6820 6847 [6820 6869 {6820 6833 |6820 6833 |6820 6869 None NA
6869 6898 6869 6887 |6869 6887
6898 6898
16K 13636 13636 13636 13636 13636 13636 13636 13636
13724 13790 13790 13724 13724 13790 13790 13790
13790 13879 13879
13879
32K NA 27268 27268 27268 27268 27268 NA 27268
27688 27448 27688 27368 27688 27448
27688 27448 27688
27758 27580 27758
27688
27758
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Annex H (normative):
Reserved carrier indices for PAPR reduction

Table H.1 gives the indices of the reserved carfiarthe P2 symbol. Table H.2 gives the startintides for the
reserved carriers for pilot patterns PP1-8. Fdhtmrdetails of the use of these, see clausesn@.3.8.2.

Table H.1: Reserved carrier indices for P2 symbol

FFT size
(Number of
reserved
carriers)

Reserved Carrier Indices

1K (10) 116, 130, 134, 157, 182, 256, 346, 478, 479, 532

2K (18) 113, 124, 262, 467, 479, 727, 803, 862, 910, 946, 980, 1201, 1322, 1342, 1396, 1397, 1562, 1565

104, 116, 119, 163, 170, 173, 664, 886, 1064, 1151, 1196, 1264, 1531, 1736, 1951, 1960, 2069, 2098
4K ( 36) 2311, 2366, 2473, 2552, 2584, 2585, 2645, 2774, 2846, 2882, 3004, 3034, 3107, 3127, 3148, 3191, 3283
3289

106, 109, 110, 112, 115, 118, 133, 142, 163, 184, 206, 247, 445, 461, 503, 565, 602, 656, 766, 800, 922,
1094, 1108, 1199, 1258, 1726, 1793, 1939, 2128, 2714, 3185, 3365, 3541, 3655, 3770, 3863, 4066, 4190
4282, 4565, 4628, 4727, 4882, 4885, 5143, 5192, 5210, 5257, 5261, 5459, 5651, 5809, 5830, 5986, 6020
6076, 6253, 6269, 6410, 6436, 6467, 6475, 6509, 6556, 6611, 6674, 6685, 6689, 6691, 6695, 6698, 6701

8K (72)

104, 106, 107, 109, 110, 112, 113, 115, 116, 118, 119, 121, 122, 125, 128, 131, 134, 137, 140, 143, 161,
223, 230, 398, 482, 497, 733, 809, 850, 922, 962, 1196, 1256, 1262, 1559, 1691, 1801, 1819, 1937, 2005,
2095, 2308, 2383, 2408, 2425, 2428, 2479, 2579, 2893, 2902, 3086, 3554, 4085, 4127, 4139, 4151, 4163
4373, 4400, 4576, 4609, 4952, 4961, 5444, 5756, 5800, 6094, 6208, 6658, 6673, 6799, 7208, 7682, 8101,
16K (144) |8135, 8230, 8692, 8788, 8933, 9323, 9449, 9478, 9868, 10192, 10261, 10430, 10630, 10685, 10828,
10915, 10930, 10942, 11053, 11185, 11324, 11369, 11468, 11507, 11542, 11561, 11794, 11912, 11974,
11978, 12085, 12179, 12193, 12269, 12311, 12758, 12767, 12866, 12938, 12962, 12971, 13099, 13102,
13105, 13120, 13150, 13280, 13282, 13309, 13312, 13321, 13381, 13402, 13448, 13456, 13462, 13463,
13466, 13478, 13492, 13495, 13498, 13501, 13502, 13504, 13507, 13510, 13513, 13514, 13516

104, 106, 107, 109, 110, 112, 113, 115, 118, 121, 124, 127, 130, 133, 136, 139, 142, 145, 148, 151, 154,
157, 160, 163, 166, 169, 172, 175, 178, 181, 184, 187, 190, 193, 196, 199, 202, 205, 208, 211, 404, 452,
455, 467, 509, 539, 568, 650, 749, 1001, 1087, 1286, 1637, 1823, 1835, 1841, 1889, 1898, 1901, 2111,
2225, 2252, 2279, 2309, 2315, 2428, 2452, 2497, 2519, 3109, 3154, 3160, 3170, 3193, 3214, 3298, 3331,
3346, 3388, 3397, 3404, 3416, 3466, 3491, 3500, 3572, 4181, 4411, 4594, 4970, 5042, 5069, 5081, 5086
5095, 5104, 5320, 5465, 5491, 6193, 6541, 6778, 6853, 6928, 6934, 7030, 7198, 7351, 7712, 7826, 7922
8194, 8347, 8350, 8435, 8518, 8671, 8861, 8887, 9199, 9980, 10031, 10240, 10519, 10537, 10573, 10589
11078, 11278, 11324, 11489, 11642, 12034, 12107, 12184, 12295, 12635, 12643, 12941, 12995, 13001,
13133, 13172, 13246, 13514, 13522, 13939, 14362, 14720, 14926, 15338, 15524, 15565, 15662, 15775,
32K (288) |16358, 16613, 16688, 16760, 17003, 17267, 17596, 17705, 18157, 18272, 18715, 18994, 19249, 19348,
20221, 20855, 21400, 21412, 21418, 21430, 21478, 21559, 21983, 21986, 22331, 22367, 22370, 22402,
22447, 22535, 22567, 22571, 22660, 22780, 22802, 22844, 22888, 22907, 23021, 23057, 23086, 23213,
23240, 23263, 23333, 23369, 23453, 23594, 24143, 24176, 24319, 24325, 24565, 24587, 24641, 24965,
25067, 25094, 25142, 25331, 25379, 25465, 25553, 25589, 25594, 25655, 25664, 25807, 25823, 25873,
25925, 25948, 26002, 26008, 26102, 26138, 26141, 26377, 26468, 26498, 26510, 26512, 26578, 26579,
26588, 26594, 26597, 26608, 26627, 26642, 26767, 26776, 26800, 26876, 26882, 26900, 26917, 26927,
26951, 26957, 26960, 26974, 26986, 27010, 27013, 27038, 27044, 27053, 27059, 27061, 27074, 27076,
27083, 27086, 27092, 27094, 27098, 27103, 27110, 27115, 27118, 27119, 27125, 27128, 27130, 27133,
27134, 27140, 27143, 27145, 27146, 27148, 27149
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Table H.2: Reserved carrier indices for PP 1, 2,3, 4,5,6,7 and 8

FFT size
(Number of
reserved
carriers)

Reserved Carrier Indices

1K ( 10)

109, 117, 122, 129, 139, 321, 350, 403, 459, 465

2K (18)

250, 404, 638, 677, 700, 712, 755, 952, 1125, 1145, 1190, 1276, 1325, 1335, 1406, 1431, 1472, 1481

4K ( 36)

170, 219, 405, 501, 597, 654, 661, 745, 995, 1025, 1319, 1361, 1394, 1623, 1658, 1913, 1961, 1971, 2106,
2117, 2222, 2228, 2246, 2254, 2361, 2468, 2469, 2482, 2637, 2679, 2708, 2825, 2915, 2996, 3033, 3119

8K (72)

111, 115, 123, 215, 229, 392, 613, 658, 831, 842, 997, 1503, 1626, 1916, 1924, 1961, 2233, 2246, 2302,

2331, 2778, 2822, 2913, 2927, 2963, 2994, 3087, 3162, 3226, 3270, 3503, 3585, 3711, 3738, 3874, 3902,
4013, 4017, 4186, 4253, 4292, 4339, 4412, 4453, 4669, 4910, 5015, 5030, 5061, 5170, 5263, 5313, 5360
5384, 5394, 5493, 5550, 5847, 5901, 5999, 6020, 6165, 6174, 6227, 6245, 6314, 6316, 6327, 6503, 6507,
6545, 6565

16K ( 144)

109, 122, 139, 171, 213, 214, 251, 585, 763, 1012, 1021, 1077, 1148, 1472, 1792, 1883, 1889, 1895, 1900
2013, 2311, 2582, 2860, 2980, 3011, 3099, 3143, 3171, 3197, 3243, 3257, 3270, 3315, 3436, 3470, 3582
3681, 3712, 3767, 3802, 3979, 4045, 4112, 4197, 4409, 4462, 4756, 5003, 5007, 5036, 5246, 5483, 5535,
5584, 5787, 5789, 6047, 6349, 6392, 6498, 6526, 6542, 6591, 6680, 6688, 6785, 6860, 7134, 7286, 7387,
7415, 7417, 7505, 7526, 7541, 7551, 7556, 7747, 7814, 7861, 7880, 8045, 8179, 8374, 8451, 8514, 8684
8698, 8804, 8924, 9027, 9113, 9211, 9330, 9479, 9482, 9487, 9619, 9829, 10326, 10394, 10407, 10450
10528, 10671, 10746, 10774, 10799, 10801, 10912, 11113, 11128, 11205, 11379, 11459, 11468, 11658,
11776, 11791, 11953, 11959, 12021, 12028, 12135, 12233, 12407, 12441, 12448, 12470, 12501, 12548,
12642, 12679, 12770, 12788, 12899, 12923, 12939, 13050, 13103, 13147, 13256, 13339, 13409

32K (288)

164, 320, 350, 521, 527, 578, 590, 619, 635, 651, 662, 664, 676, 691, 723, 940, 1280, 1326, 1509, 1520,
1638, 1682, 1805, 1833, 1861, 1891, 1900, 1902, 1949, 1967, 1978, 1998, 2006, 2087, 2134, 2165, 2212,
2427, 2475, 2555, 2874, 3067, 3091, 3101, 3146, 3188, 3322, 3353, 3383, 3503, 3523, 3654, 3856, 4150
4158, 4159, 4174, 4206, 4318, 4417, 4629, 4631, 4875, 5104, 5106, 5111, 5131, 5145, 5146, 5177, 5181,
5246, 5269, 5458, 5474, 5500, 5509, 5579, 5810, 5823, 6058, 6066, 6098, 6411, 6741, 6775, 6932, 7103,
7258, 7303, 7413, 7586, 7591, 7634, 7636, 7655, 7671, 7675, 7756, 7760, 7826, 7931, 7937, 7951, 8017,
8061, 8071, 8117, 8317, 8321, 8353, 8806, 9010, 9237, 9427, 9453, 9469, 9525, 9558, 9574, 9584, 9820
9973, 10011, 10043, 10064, 10066, 10081, 10136, 10193, 10249, 10511, 10537, 11083, 11350, 11369,
11428, 11622, 11720, 11924, 11974, 11979, 12944, 12945, 13009, 13070, 13110, 13257, 13364, 13370,
13449, 13503, 13514, 13520, 13583, 13593, 13708, 13925, 14192, 14228, 14235, 14279, 14284, 14370,
14393, 14407, 14422, 14471, 14494, 14536, 14617, 14829, 14915, 15094, 15138, 15155, 15170, 15260,
15283, 15435, 15594, 15634, 15810, 16178, 16192, 16196, 16297, 16366, 16498, 16501, 16861, 16966,
17039, 17057, 17240, 17523, 17767, 18094, 18130, 18218, 18344, 18374, 18657, 18679, 18746, 18772,
18779, 18786, 18874, 18884, 18955, 19143, 19497, 19534, 19679, 19729, 19738, 19751, 19910, 19913,
20144, 20188, 20194, 20359, 20490, 20500, 20555, 20594, 20633, 20656, 21099, 21115, 21597, 22139,
22208, 22244, 22530, 22547, 22562, 22567, 22696, 22757, 22798, 22854, 22877, 23068, 23102, 23141,
23154, 23170, 23202, 23368, 23864, 24057, 24215, 24219, 24257, 24271, 24325, 24447, 25137, 25590,
25702, 25706, 25744, 25763, 25811, 25842, 25853, 25954, 26079, 26158, 26285, 26346, 26488, 26598,
26812, 26845, 26852, 26869, 26898, 26909, 26927, 26931, 26946, 26975, 26991, 27039
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Annex | (informative):
Transport Stream regeneration and clock recovery using
ISCR

When the modulator operates in a mode that emplojgacket deletion, the receiver may regenetaelransport
Stream by inserting, before each useful packet, DNPRe reception FIFO buffer. As shown in Figute the Transport
Stream clock R may be recovered by means of a Phase Locked IRidg.(The recovered modulator sampling rate

R, may be used to clock a local counter (which bynitédn runs synchronously with the input streamdayronization

counter of figure C.1). The PLL compares the l@mlinter content with the transmitted ISCR of ea8hpacket, and
the phase difference may be used to adjust tRecRick. In this way Ry remains constant, and the reception FIFO

buffer automatically compensates the chain delagtians. Since the reception FIFO buffer is ndt-balancing, the
TTO and the BUFS information may be used to senitisl state.

As an alternative, when dynamic variations of thé-®-end delay and bit-rate may be acceptablédgource
decoders, the receiver buffer filling condition niyused to drive the PLL. In this case the recagiuffer is
self-balancing (in steady state half of cells dted), and the ISSY field may be omitted at thensmitting side.

Rs Local
B I > Counter
PLL e
Transmitted
ISCR :
DNP —
: Rin
v v
Null-packet ———— —
Re-insertion | Write T$ Read TS packets
packets | ]
Useful
packets
Figure I.1: Example receiver block diagram for Null  -packet re-insertion and R g clock recovery
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Annex J (informative):
Pilot patterns

This Annex illustrates each of the scattered pliterns, showing the pattern of pilots at the i@guency edge of the
ensemble and for the last few symbols of a fratr&hdws first the patterns in SISO mode (FigurgsdJ.8) and then
the patterns in MISO mode (Figures J.9 to J.16htiBoal pilots and reserved carriers are not shown.

The patterns of pilots around the P2 symbol(ssbhmvn in Figures J.17 and J.18.

—_— Freguency (carrier nurnber)
I 12 24 35

e
" R R
7 l l

(sjoquids wWO40 ) awi ]

Frame closing symbal fwhen used)
. Scattered pilat . Edge pilat I:‘ Data cell

Figure J.1: Scattered pilot pattern PP1 (SISO)

—_— Freguency (carrier nurnber)
I 12 24 35

(sjoquids wWO40 ) awi ]

Frame closing symbal fwhen used)

. Scattered pilat . Edge pilat I:‘ Data cell

Figure J.2: Scattered pilot pattern PP2 (SISO)
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—_— Freguency (carrier nurnber)
0 12 24 5]

CERSEESEEEERE e R

Frame closing symbal fwhen used)
. Scattered pilat . Edge pilat I:‘ Data cell

Figure J.3: Scattered pilot pattern PP3 (SISO)

(sjoquids wQad4o ) awiy

—_— Freguency (carrier nurnber)
0 12 24 5]

(sjoquids wQad4o ) awiy

Frame closing symbal fwhen used)

. Scattered pilat . Edge pilat I:‘ Data cell

Figure J.4: Scattered pilot pattern PP4 (SISO)

— Frequency (carrier number)
i 12 24 3k 45
o - .
: ]
: 0
2
: |
g ||
| m »
m = =

Frame closing symbol fwhen used)

. Scattered pilot . Edge pilot l:l Data cell
Figure J.5: Scattered pilot pattern PP5 (SISO)

DVB BlueBook A122



—— Frequency (carrier number)

150

TM 3980 Rev. 5

0 12 24 36 45
-
3
o
2
]
=
F
o,

J
Frame closing symbol fwhen used)
. Scattered pilot . Edge pilot l:l Data cell
Figure J.6: Scattered pilot pattern PP6 (SISO)

—— Frequency (carrier number)

0 12 24 36 45
) = N
3
: m
2
]
=
F |
5 -

' .
Frame closing symbol fwhen used)
. Scattered pilot . Edge pilot l:l Data cell
Figure J.7: Scattered pilot pattern PP7 (SISO)
— Frequency (carrier number)
0 12 24 36 45

.

B

(s0gquiAs Wa40 ) awn

Frame closing symbol never used with PP3

Figure J.8: Scattered pilot pattern PP8 (SISO)

Scattered pilot

. Edge pilot l:l Data cell
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—_— Freguency (carrier nurnber)
0 12 24

TM 3980 Rev. 5

(sjoquids wQad4o ) awiy

Frame closing symbal fwhen used)
Marral scattered pilot Irverted scattered pilot for MISO group 2

Figure J.9: Scattered pilot pattern PP1 (MISO)

—_— Freguency (carrier nurnber)
0 12 24

|:| Data cell

35

(sjoquids wQad4o ) awiy

Frame closing symbal fwhen used)
Marral scattered pilot Irverted scattered pilot for MISO group 2

Figure J.10: Scattered pilot pattern PP2 (MISO)

—_— Freguency (carrier nurnber)
I 12 24

|:| Data cell

i3]

(sjoquids wWO40 ) awi ]

Frame closing symbal fwhen used)
Marral scattered pilot Irverted scattered pilot for MISO group 2

Figure J.11: Scattered pilot pattern PP3 (MISO)
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—_— Freguency (carrier nurnber)
0 12 24 5]
-
=
[a]
o
M
o
=
L]
—
3
(=2
=3
.
¥
Frame closing symbal fwhen used)
Marral scattered pilot Irverted scattered pilot for MISO group 2 |:| Data cell

Figure J.12: Scattered pilot pattern PP4 (MISO)

—— Frequency (carrier number)
0 12 24 3k

(s|0quids WQa4o J awi]

Frame closing symbol fwhen used)
Mormal scattered pilot Irverted scattered pilot for MISO group 2 l:l Data cell

Figure J.13: Scattered pilot pattern PP5 (MISO)

— Frequency (carrier number)
i 12 24 3k

45

(s0gquiAs Wa4o ) awi

Frame closing symbol fwhen used)
Mormal scattered pilot Inverted scattered pilot for MISO group 2 l:l Data cell

Figure J.14: Scattered pilot pattern PP6 (MISO)
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—— Frequency (carrier number)
0 12 24 3k

TM 3980 Rev. 5

(s|0quids WQa4o J awi]

Frame closing symbol fwhen used)
Mormal scattered pilot Irverted scattered pilot for MISO group 2 l:l Data cell

Figure J.15: Scattered pilot pattern PP7 (MISO)

—— Frequency (carrier number)
0 12 24 3k

45

!

(s|0quids WQa4o J awi]

Frame closing symbol never used with PP
Mormal scattered pilot Irverted scattered pilot for MISO group 2 l:l Data cell

Figure J.16: Scattered pilot pattern PP8 (MISO)
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-3456 —-3408 k' (physical carrier)

(a) Extended carrier mode 48(=Kexy)

0 | k (logical carrier)

symbol |
0 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO8} P2
2 ©0/000000¢ 00000000000 eeo00eoeee00eee0ee0eee0eeeeeesd
0000000000000000000000000000000000000000000000Q0000000000000000000000000Q0000000
3 @0000000000000000000000080000000000000000000000000000000000000000000000000000000
4 @0000000000000000000Q0000000000000000000000000Q080000000000000000000000000000000
5 . @0000000000000000000000000000000000000000000000000000000000000000000000080000000
6 @0000000000000000000000000000000000000000000000000000000000000000000000000000000
7 @0000000000000000000O000000000000000000000000000000000000000000000000000000000000

Wo Wasg

Wag

W1 Symbol-level PRBS value

456 (b) Normal carrier mode 08 K (physical carrier)

v

k (logical carrier)

— O

symbol

@0000000000000000000000000000000

—_Symbol-level PRBS value
Wag

Frequency

O P2Pilot @ Edge Pilot: always k=0 and k=Kmax @ Scattered Pilot: same k' values in given symbol (data symbols only)

Figure J.17 Example of pilot and TR cells at the ed  ge of the spectrum in extended and normal carrierm  ode (8K PP7)
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-2811 —2760 k' (physical carrier)

645 (a) Extended carrier mode 696

k (logical carrier)

symbol 658

0 ©00000000000000000000000000C000000
1, 900000000000 0000Q0000000000000000C00000C00O000QAV0OQ0O
QO Q0000000000000 00000000Q00
3 0000000000000 000000000000000000000000000000

Q00
000

0000000000 ®000000000000000000000000000
4 Q0000000000000 000000000000000000000000000000000V00000000000000000000000008000

(o) 000 O 000 0000000000000000000000000000000000000000000000
7 0000000000000 00000000000000000000000000000000000000®0000000000000000000000000000
Weﬁm Symbol-level PRBS value W633697

(b) Normal carrier mode

—2811 —2760 k' (physical carrier)

v

- 6|48 658  (logical carrier)

symbol

0 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO8} P2
1 0000000000000000OQO00000OQ0VOQ0OO00OOOO00OQ00O00O000000D00O0OOQVO0000D000
2 000000000000 00000000000000000000000000000000000000000000000000000000000000000000
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOO
4 0000000000 Q0000000000000 Q000 0000000000000 0000000000®0000
OO0.0000000000000000000000000000000000000000000000000000000000000000000000000000
6 0000000000 Q00QQ0VQQ0VQ00GQVVQO0QQ00QQ00Q000Q0VQQ000000QVVQ000Q00QQV0000000000
7 000000000000000000000000000000000000000C00000000000e0000000000000000000000000000
W
e Symbol-level PRBS value We9e
We46 We97
F
requency >
O P2Pilot @ Edge Pilot: always k=0 and k=Kmax © Tone Reservation cell
O Continual Pilot @ Scattered Pilot

Figure J.18 Example of pilot and TR cells in extend  ed and normal carrier mode (8K PP7)
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Annex K (informative):
Allowable sub-slicing values

Table K.1 shows the allowed value for the total hanof sub-slicedlsussices_tota NreXNsubsiices(S€€ clauses 6.5.4 and
8.3.6.3.2) at the output of each time interleaVeclkof each PLP. Since the same value must befosedl PLPs, the
value selected from the table must be availablaffanodulation types and FEC block sizes curreintlyse. The safest
possible options are those from the table of SRBE block sizes with a "Y' in all four columns, arthis will always

be suitable for all PLPs. These are listed in thlel@ K.2. If only long FEC blocks are used, valfiem Table K.3 can
be used.

Table K.1: List of available number of sub-slices f or different constellations and FEC block sizes

Long Short
LDPC Constellation LDPC Constellation
blocks blocks
64K QPSK | 16-QAM | 64-QAM | 256-QAM 16K QPSK | 16-QAM | 64-QAM | 256-QAM
1 Y Y Y Y 1 Y Y Y Y
2 Y Y Y Y 2 Y Y Y
3 Y Y Y Y 3 Y Y Y Y
4 Y Y Y Y 4 Y Y
5 Y Y Y Y 5 Y Y Y Y
6 Y Y Y Y 6 Y Y Y
8 Y Y Y 9 Y Y Y Y
9 Y Y Y Y 10 Y Y Y
10 Y Y Y Y 12 Y Y
12 Y Y Y Y 15 Y Y Y Y
15 Y Y Y Y 18 Y Y Y
16 Y Y 20 Y Y
18 Y Y Y Y 27 Y Y Y Y
20 Y Y Y Y 30 Y Y Y
24 Y Y Y 36 Y Y
27 Y Y Y Y 45 Y Y Y Y
30 Y Y Y Y 54 Y Y Y
36 Y Y Y Y 60 Y Y
40 Y Y Y 81 Y Y Y
45 Y Y Y Y 90 Y Y Y
48 Y Y 108 Y Y
54 Y Y Y Y 135 Y Y Y Y
60 Y Y Y Y 162 Y Y
72 Y Y Y 180 Y Y
80 Y Y 270 Y Y Y
81 Y Y Y 324 Y
90 Y Y Y Y 405 Y Y Y
108 Y Y Y Y 540 Y Y
120 Y Y Y 810 Y Y
135 Y Y Y Y 1620 Y
144 Y Y
162 Y Y Y
180 Y Y Y Y
216 Y Y Y
240 Y Y
270 Y Y Y Y
324 Y Y Y
360 Y Y Y
405 Y Y Y
432 Y Y
540 Y Y Y Y
648 Y Y
720 Y Y
810 Y Y Y
1080 Y Y Y
1296 Y
1620 Y Y Y
2160 Y Y
3240 Y Y
6480 Y
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Table K.2: List of values for number of sub-slices which may be used
with any combination of PLPs (short or long FEC blo cks)

[1 [ 3 |5 [ 9 [15 [27 |45 [135 |

Table K.3: List of values for number of sub-slices which may be used
with any combination of PLPs (long FEC blocks only)

1 2 3 4 5 6 9 10
12 15 18 20 27 30 36 45
54 60 90 |108 135 | 180 | 270 |540
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